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A BACTERIAL DISEASE OF LIMULUS POLYPHEMUS 


FREDERIK B, BANG 
The Marine Biological Laboratories, Woods Hole, Massachusetts, and the Department of Pathobiology, 
School of Hygiene and Public Health, The Johns Hopkins University 


Received for publication October 12, 1955 


Bacteria have been a part of the living sea for millions of years. They are 
especially abundant in the shore waters, where bacterial counts of predomi- 
nantly gram negative bacilli may reach several millions per gram of sediment 
(1). Invertebrates therefore live in a more or less dilute solution of bacteria, 
and yet little is known of their responses to the potentia) pathogens which 
they often ingest and which surround them in the sea. We have studied the 
responses of a few marine invertebrates to an undetermined marine bacterium. 

Bacteria obtained at random from fresh sea water were injected into a series 
of horseshoe crabs (Limulus polyphemus) of varying sizes. One limulus became 
sluggish and apparently ill. Blood from its heart did not clot when drawn and 
placed on glass, and yet instant clotting is a characteristic of normal limulus 
blood (2). Cultures taken from the heart blood at intervals for several days 
yielded quantities of new bacteria. These were injected into limulus and a 
few other marine invertebrates, and the reactions of the hosts to the bacteria 
were studied. 

The bacteria caused an active progressive disease marked by extensive 
intravascular clotting and death. Injection of a heat stable derivative of the 
bacterium also caused intravascular clotting and death. The intravascular 
clots had the same appearance as clots that formed when normal limulus blood 
was placed in clean glassware. 

Other gram negative bacteria or toxins also provoked intravascular clotting 
in normal limuli. When these same bacteria or toxins were added to sera from 
normal limuli, a stable gel was formed. 


MATERIALS AND METHODS 


All of the experimental animals were obtained from the Marine Biological Laboratory 
Supply Department and were kept in running sea water. Their sizes varied from 1 to 12 
inches across the shell. No attempt was made to isolate them from each other, and since 
they were wild caught, nothing is known about previous exposure to pathogenic agents. 
In general the limuli appeared in good health, and under the conditions in the laboratory 
only one death among the several hundred which were not inoculated was noted. The work 
was done during July and August 1953, and July, August, and September 1954. 

Bacterial cultures were made on sea water agar enriched with peptone and ferric salts 


(1). During the first season aged sea water was used (1) but since it was found not to be 
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TABLE I* 


Cultural Characteristics of Limulus Organism 





. > Human Rabbit Selenite 
Lactose Dex Sucrose} Xylose Man Urease | Indole | I lain | Blood Blood F I — 
trose nite Agar - 
Agar Agar richment 
Li 
No NaCl } 
added Neg Acid Neg. | Neg Acid Neg Neg Good Good Good Gr aia 
growtl growth growth 
1%, Natl 
added Neg Acid Neg. Neg Acid Neg Neg Good Good Good Growth ble 
Os growt! growth growth 
2.5% NaCl 
idded Neg Acid Neg Neg Acid Neg Neg Good Good Good Growt q 
growth growtl growth om 
NaCl 
added Neg Acid Neg Neg Acid Neg Neg Good Good Good Growtt 
growth growtt growth 
* Courtesy Miss Regina Schneider, Biological Division, Johns Hopkins Hospital. 
‘ , , co 
needed for our cultures, subsequent agar plates were prepared with fresh sea water ob- 
tained from the tap. = 
Glassware was cleaned with the commercial detergent “‘Alconox’’, rinsed with running he 
and then with distilled water, and air dried. ge 
Blood cultures of large limuli were obtained by rubbing the surface of the joint of a leg th 
with 70 per cent ethyl alcohol, inserting a sterile hypodermic syringe into the joint, and ve 
withdrawing the blood. After discarding the first few drops, one or two drops of this fresh D 
blood were immediately placed on a sea water agar plate and spread over the surface with : 
a sterile platinum loop. Cultures were incubated at room temperature and examined for in 
three consecutive days. With care, sterile cultures were routinely obtained from normal 
animals. The procedure for smaller limuli was similar except that the blood was obtained in 
by cardiac puncture by inserting the needle at the joint between the thoracic and the ab- la 
dominal segment. Cultures were always taken from some area other than the one in which di 
the bacteria were injected. H 
Normal sera were obtained by withdrawing blood sterilely from the hearts of large limuli, 
placing it in sterile petri dishes, and removing the supernatant 24 hours afterwards. nt 
Description of the Organism. Bacteria obtained from the blood of sick limuli were gram 
negative rods which formed discrete shiny translucent colonies on sea water agar within ce 
24 hours. They had a slight greenish tint by indirect light and were light brown with trans- a 
mitted light. The colonies seemed to effect confluent growth under conditions which are ' a 
described under “pathogenicity”. The percentage of motile forms was much greater in the 
confluent colonies. The organisms grew on Salmonella-Shigella agar, desoxycholate and st 
chocolate agar, but did not grow on Christiansens’ urea agar. No gas was produced. Some 
of the reactions produced in fermentation media are indicated in Table I. as 
PATHOGENICITY 
aj 
There are few references to organisms pathogenic for marine invertebrates. : F 
A few bacterial diseases have been described (3, 4, 5). One paper reports that cr 
injections of a marine bacterium, Gaffkia, killed lobsters, and another records te 
luminescent bacterial infections in a sand flea (5). However, it is not made J re 


clear whether the deaths were the result of overwhelming initial effects, or the J o 
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TABLE II 
Bacteremia in Small Limuli at Intervals After Inoculation 
(Inoculated with Bacteria from 2nd Limulus Passage) 





Inoculation of Number of Bacteria/Drop on Sea Water Agar Plate 
Bacterial 





Suspension 6 brs. 1 day 2 3 5 





Undiluted 500+, no clot | Dead _ 
500+, no clot | Dead _ 





1/10 6 0 0 0 
6 10 Confluent 











1/500 0 1 96 Confluent 
0 0 1 




















consequence of progressive disease. We had previously found that several 
marine crustacea were often killed by the injection of small amounts of fresh 
heavy suspensions of various marine bacteria, including a bright yellow chromo- 
gen. The colored colonies produced by the chromogen when it was cultured from 
the blood made it possible to show that it was disseminated throughout the 
vascular system. Progressive disease, however, was not produced at any time. 
Death of a host shortly after an injection of many bacteria therefore does not 
in itself prove pathogenicity. It may be the result of toxic effects. 

One problem, then, was to determine whether an active and progressive 
infection could be produced. Table II shows that this was produced with both 
large and small limuli when smaller doses of bacteria were injected. At no time 
did we produce active infection with relatively few organisms—say 10 or 100. 
However, we did no careful dilution experiments to determine the minimum 
number of organisms which would initiate infection. 

Within a few minutes after bacteria are injected into several marine crusta- 
cean including limulus, they are disseminated throughout the vascular system 
and tissue spaces (Table II). This is probably a mechanical dissemination, 
since other bacteria, including pneumococci, 8 hemolytic streptococci, and 
staphylococci, showed the same spread. 

In each experiment several limuli at first had negative blood cultures, then 
as they became ill (poor blood clotting, sluggish movement) blood cultures 
became positive. The limulus usually died soon after. In one case an infection 
apparently localized in one leg, which moved poorly, and had a distended joint. 
Fluid taken from the joint was watery, did not clot and had few intact white 
cells. A culture yielded a confluent spreading type of growth. A blood culture 
taken from a leg on the other side was negative, and this latter blood clotted 
readily. The animal was found moribund 13 days later, or 24 days after the 
original injection, and at this time had a positive blood culture. 
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We feel that the data establishes this organism as a pathogen for limulus, 
but it is hard to evaluate its degree of pathogenicity, because so little is known 
about the effect of other bacteria on limulus. In two experiments in which 
large quantities of chromogens were injected into a total of six limuli, no pro- 
gressive infection was established. 

Between the summers of 1953 and 1954 the cultures of bacteria were trans- 
ferred about ten times and kept at 4°C. on agar slants. Because of apparent 
poor infections at the beginning of the 1954 season the bacterium was “‘passed” 
through five series of limuli. During this series of passages a change from dis- 
crete round and regular colonies to confluent spreading growth with irregular 
edges was noted. In most cases, limuli which at first produced discrete types 
of colonies later furnished the spreader type, and this change preceded the 
death of the host by perhaps a day. A direct comparison was made between 
the original discrete organism and its presumed derivative. Both were prepared 
from peptone sea water fluid cultures and inoculated into limuli. 

One of eight small (approximately 2 inches) limuli inoculated with the dis- 
crete type organism died after 6 days, whereas four of eight small limuli inocu- 
lated with the spreader died within two days. A more complete comparison 
is needed. 


PATHOGENESIS 


Blood obtained from normal limuli clots rapidly in glass vessels, despite the 
use of citrate or heparin. This clotting was extensively investigated by Leo Loeb 
(2, 6) who showed that the process, like that in many other marine inverte- 
brates, has two stages. Primarily there is a clumping of the white cells which 
lose their granular content and form long connecting extensions (Figs. 1, 2, 3). 
Associated with this is the formation of a clear gel. Much of this gel, however, 
disappears within a half hour, even when the blood is kept under sterile condi- 
tions, and the original white cell clot remains. The gel consists of extremely fine 
(50 to 110 my in diameter) filaments. Studied in the electron microscope (7), 
a periodicity similar to vertebrate fibrin was not observed in the filament struc- 
ture, but periodicity is difficult to determine in clots of vertebrate blood made 
directly with unpurified components. 

Blood obtained from sick crabs frequently did not clot. Actually this blood, 
obtained from the hearts of sick limuli, might better be described as a serum 
for it lacked white cells but contained cellular debris (Fig. 4) and swollen 
granules from the white cells. These latter were identified by phase microscopy 
with the material seen in disintegrating clots. 

Small inoculae of concentrated bacterial suspensions frequently killed adult 
limuli within twelve hours. To determine whether death was caused by toxins 
we heated the bacteria to the temperature at which activity might be destroyed. 
To our surprise we found that bacterial suspensions which had been boiled for 
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TABLE III 
Effect of 5 Minute Heating Bacterial Suspensions on Toxicity for Limulus 
Treatment Exp. 1 Exp. 2 
Unheated D. 12 hr. D. 18 hr. 
Active infection D. 18 hr. 
D. 7 days 
50-55°C. D. 12 hr. D. 18 hr. 
D. 12 hr. D. 24 hr. 
75°C. Survived 14 d. D. 18 hr. 
Survived 14 d. D. 8 hr. 
100°C. D. 12 hr. D. 18 hr. 
D. 12 hr. | D. 2d. 








five or ten minutes still killed the limuli (Table ITI). Furthermore, a clear super- 
natant of the suspensions, after centrifugation at 15,000 rpm..,* still killed limuli 
and caused intravascular clotting. Large adult limuli were more readily killed 
by this toxin than were small, young animals even when identical amounts of 
toxin were given to animals which differed in mass by more than a hundred- 
fold. One-tenth to two-tenths ml. of this clear supernatant had an effect within 
ten minutes after injection. The animal became stiff and tetanic and at first it 
was difficult to obtain blood. If some was obtained, the white cells were already 
clumped into stringy masses. Both old and young limuli failed to bleed when 
blocks of body tissue were cut out for pathological study. 

During the half hour following tetany, a clear ropy-glutinous material was 
found all over the surface of the animal and particularly on the surface of the 
gills. By this time a clear serum was readily obtained by cardiac puncture. The 
few white cells present contained almost no normal granules. 

Since granules appeared in the serum and the white cells disappeared, and 
since blood taken after the injection did not clot, it was assumed that an in- 
ternal clot had been induced. This process was readily followed in the living 
animal by examining the individual leaves in the gill books. As Lankester (8) 
and Loeb (9) pointed out the white cell within the normal animal is a nucleated 
disc (Figs. 5 and 6). The cell moves freely in the serum, the cytoplasm appears 
packed with granules and cytoplasmic processes are rare. When traumatized 
or removed from the circulation the white cell loses the granules and sends out 
many processes (Fig. 1). Pieces of gill leaflets were cut off from the living 
animal after injection of the toxin and were examined by phase microscopy. 
Within a few minutes the white cells no longer moved freely within the vascular 
spaces. They stuck to the surfaces of the dividing partitions and clumped 


* Such crude preparations will be referred to as “crude toxin” or “toxin”. 
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TABLE IV 
Effect of Toxin on Several Marine Invertebrates 
Boiled Bacterial Supernatant 








Effect on Cells Effect on Life 

Limulus 

oc hes ice gion nd + + 

i Cnwksctalaenhesanaaas +++ +4-+ 
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I Son giudwiwns sa0 +4 +4 
II 055 kn eit 5s 0 db oh 
PII So oc ce sccwws + 
IG Do ce tes whe esa wig noe ? 











together in small groups (Figs. 7 and 8). The discharge of granules and the 
formation of filamentous processes occurred continuously, with frequent 
sudden snapping of cells as a filament broke. 

The same cellular changes were seen in animals with active bacterial infec- 
tions (Fig. 8) but were even more striking in the acute experiment. Dilutions 
of toxin which did not kill limulus nonetheless produced the changes in white 
cells. Furthermore, amounts of toxin which killed adult limuli caused immediate 
intravascular clotting in the young limuli, but the young animal in contrast 
to the adult recovers within a few days after the injection of the toxin. 

The intravascular clotting was also produced by a partially purified prepara- 
tion of Shigella toxin, but not by the injection of 1 gram of urea (10), or by 
plague toxin (11), fresh suspensions of pneumococci, staphylococci, or strepto- 
cocci.* The urea was used because Loeb and Bodansky in some studies of 
urease in limulus blood found that this amount of urea killed limuli (10). We 
confirmed the lethal effect, but found no change in white cells. Thus there is a 
degree of specificity, although our early experience with the effects of large 
doses of non-pathogenic chromogens, etc., obtained from sea water would 
suggest that a variety of marine bacteria may produce the effect. Most marine 
bacteria are gram negative motile rods. 

The pathological changes following the injection of the toxin or following 
active infection with bacteria was also studied in paraffin sections. Figures 
9, 11, and 13 show the normal vascular system of the gills and body of young 
limuli. Figures 10, 12, and 14 show the effect of the injection of toxin. 

This type of change in white cells following the injection of “‘toxin’’ is not 


*The pneumococci, hemolytic streptococci and staphylococci were all freshly isolated 
cultures obtained from hospital patients, by courtesy of the Biological Division of the 
Johns Hopkins Hospital. They were tested in limuli which had been kept moist and cooled 
for several days after transporting from Woods Hole. Several animals of this group were 
tested for susceptibility to the standard toxin at the time of these tests and were shown 
to be susceptible. 
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confined to limulus. A variety of marine arthropods was injected and their 
blood cells were studied within the first few hours after injection (Table IV). 
In those in which it was possible to obtain cells in free fluid, we noted that 
the number of cells decreased markedly following the injection of toxin. Small 
animals were killed by the toxin. The Shigella toxin was also found lethal 
for lobsters and apparently produced the same intravascular clotting. Blood 
removed from lobsters after injection of Shigella toxin failed to clot and had 
few white cells. 

A decrease in the number of cells in the body fluid of Arenicolae (lug-worms) 
was also detected following the injection of 0.25 to 0.5 ml. of toxin. This was 
a dose several times that which killed limulus, but the Arenicolae survived. 


IN VITRO EFFECTS ON SERUM 


In a preliminary test for the antibacterial effects of fresh serum it was noted 
that the serum which had been obtained by allowing a clot to separate was in 
turn made viscid by the addition of bacteria. Table V shows that gelation, as 
measured by the lack of movement of the serum when the tube containing the 
serum was tilted, could readily be brought about by the inoculation of living 
bacteria or by the addition of dilute toxin. The ability of the serum to form 
such a gel was destroyed by heating the serum to 56°C. for 10 minutes 
(Table V). 

Limulus serum contains hemocyanin as a large molecule free in the serum 
(12). Its presence is readily apparent by the blue color of the serum on exposure 
to oxygen. To determine whether it had a significant role in the formation of 
the clot when toxin was added, it was separated from the serum by ultracen- 
trifugation. Since it was not possible to dilute the serum to any significant 
degree and still get a visible gel, most of the tests were performed with undiluted 
serum to which a small volume of toxin in sea water was added. Table VI 
with accompanying protocol shows that the molecule which is responsible for 
the formation of the gel upon addition of toxin is not hemocyanin and pre- 
sumably is much smaller. 








TABLE V 
Effect of Dilutions of Toxin on Gelation of Serum 
Diluted | Undiluted| 1/5 1/2s | 1/125 | Saline 
ee tet] tee | tt | +44 0 
Heated serum, 56°—10 min........... 0 0 0 0 
Serum from infected animal.......... 0 0 0 0 























Protocol: Blood obtained sterilely from healthy limulus by cardiac puncture. Placed in sterile 
petri dish and kept at room temperature overnight. Serum withdrawn from clot and used in this 
and subsequent experiments after refrigeration at 4°C. One-half ml. of serum added to 14 ml. of 
dilution of toxin in artificial sea water. Test read at half hour. 
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TABLE VI 
Separation of Hemocyanin from Gel Formation by High Speed Centrifugation 
vo Untreated Serum Supernatant Resuspended Hemocyanin 
Limulus # 
Undiluted 1/2 Undiluted 1/2 Undiluted | 1/2 
37 ++ + ++ + 0 | 0 
35 ++ + 0 0 

















Protocol: 24 hr. limulus sera placed in celloidin cups and centrifuged in Refrigerated Spinco 
Ultracentrifuge at 35,000 rpm. for 644 hours. Clear colorless supernatant separated. Sticky blue 
pellet resuspended in artificial sea water to reach original volume. Test for gelation by adding 
0.1 ml. of fresh undiluted toxin to 0.6 ml. of serum or hemocyanin. Gels formed within half hour 
and remained stable for more than six hours. 


The clear colorless supernatant from ultracentrifugation formed an opales- 
cent gel after the addition of toxin. The change in light transmission probably 
also occurred in the original serum but was not observed because of the presence 
of oxidized hemocyanin. This change in light transmission occurred with 
minute amounts of toxin and presumably indicates an increase in particle size 
of the molecules which form the gel. Electron microscope pictures of the gel 
formed by this clear preparation were made by placing the coated grids directly 
on the surface of the fluid as the clot formed (Figs. 15, 16, 17). 

As the gelation of 0.5 ml. of serum was regularly produced by 0.1 ml. of a 
1/500 dilution of most preparations of toxin, it was apparent that the effect 
was powerful enough to explain the extensive gelation of the entire blood of 
large limuli, of weights in the order of 1 kg., when 0.2 ml. of undiluted toxin 
was injected. 

Since large limuli were much more susceptible to the lethal effect of the toxin, 
and since effects on the circulating blood could readily be produced by amounts 
of toxin short of that which killed the animal, an accurate end point by which 
the toxin could be measured had not been available. With the in vitro test, 
and with the formation of a gel as the end point, it was possible to show that the 
toxin was not dialyzable through a collodion sac and that it maintained activity 
within the sac when dialyzed against forty times its volume of distilled water. 

Other bacterial toxins were then tested for activity. A preparation of purified 
Shigella toxin was kindly furnished by Drs. Lee Cluff and Ivan Bennett (13). 
This preparation contained 1 mg. toxin/ml. One-tenth ml. of a 1/5 dilution of 
this produced gelation, but none beyond this dilution. It had been shown that 
50 y of toxin would produce fever in rabbits (13). 20 y in the present test were 
shown to cause 0.5 ml. of limulus blood to gel. No adequate comparison could 
be made with the limulus bacterial toxin, for we did not purify or measure this 
material by dry weight. It is possible that the greater activity of our toxin both 
in the intact limulus and in the formation of gels was related to a higher inherent 
toxicity. 
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TABLE VII 
Tests for Gelation in 24 Hour Sera of Different Limuli Taken at Different Times 
July August 
Limulus # Sept. 5 
28 1 3 il 13 14 16 22 
28 L ++ ++ +> 
241 ++ ++ 
25 L ++ ++ — 
28S - 
30S - 
31S * - 
33 L - - - - 
34L - ++ 
35 L - 4 
37 L ++ - - - 
































The suffix L or S refers to the size of the Limulus. Most large (L) ones were 10-12 inches across, 
the small (S) were less than 6 inches. 


A preparation of plague toxin* which killed mice failed to induce formation 
of a gel when 0.1 ml. of solution containing 100 y was added to limulus serum. 
As previously noted this toxin had no effect on adult living limuli. Gels were 
formed when living cultures of hemolytic streptococci were added to the serum, 
but not with pneumococci or staphylococci aureus. 

The capacity of a given serum to form a gel when toxin was added to it was 
a constant finding. However, not all adult limulus sera formed gels when toxin 
was added to them. In general an individual limulus repeatedly furnished sera 
which formed gels, but in several cases (Table VII) this was not so. To test the 
idea that a serum which did not form a gel was merely quantitatively deficient 
in this capacity, we turned to viscosity measurements. It was possible to 
detect a change in viscosity by an Ostwalt viscometer ten minutes after the 
toxin was added to a 1/10 dilution of a positive serum. Several so-called nega- 
tive sera were shown to increase in viscosity when toxin was added. 

It has been assumed that the production of a widespread intravascular clot 
is damaging to the host, and indeed the lethal effect of the toxin may be closely 
associated with this effect. However, following local trauma, such as the loss 
of a leg, etc., the formation of a tight clot might be a protective mechanism. A 
contaminated tube of limulus blood kept in the laboratory during the two sum- 
mer months remained tightly gelled throughout the summer. Gels formed from 
serum either sterilely by the addition of toxin, or by the addition of cultures 
of limulus bacteria remained stable at room temperature for more than six 
weeks. 

The direct addition of limulus bacteria to sera of varying dilutions and ob- 
servations of these mixtures under phase microscopy showed that the bacteria 


* Courtesy of Dr. Joel Warren of the Army Medical School (14). 
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were immobilized in 10 minutes by the gel, and indeed even Brownian move- 
ment disappeared. Controls which consisted of the addition of bacteria to 
sera which had been heated to 56°C. for minutes showed no immobilization 
of the bacteria. 


DISCUSSION 


Since Metchnikov’s famous observations on fungi growing inside the water 
flea Daphnia (4) little has been reported on invertebrate defenses against 
natural infections. Indeed, except in the case of the insects (15) there are few 
well established infectious diseases of invertebrates. 

It is not safe to assume that a given bacterium is pathogenic for an inverte- 
brate because the animal dies after it is infected with large amounts of the 
bacterial culture. We have observed that active and progressive infection 
occurs and can be demonstrated by repeated positive blood cultures and by the 
death of the host some days after the original infection is established. Further- 
more certain pathological changes found late in the infection have been repro- 
duced by injection with a heat stable “toxin”. Most of the work subsequent 
to Metchnikov’s excellent studies (16) on invertebrates has followed his lead 
in emphasizing the role of phagocytosis. There has been no reason to challenge 
this emphasis since there seemed to be no “antibody” response among the 
invertebrates. 

Limulus was chosen for these studies largely as a matter of convenience and 
availability but it is interesting to consider that limulus has an ancient history. 
Similar forms classed within the same genus have been found as far back as 
Paleozoic times (17). Since amoebocytes morphologically closely related to 
those of limulus are found in its relatives the scorpions, (8) the mechanisms of 
reacting to bacterial infection which are described here are presumably ancient 
in origin, and may represent a type of protective mechanism as basic as phago- 
cytosis. The similarity to the so-called Schwartzman phenomenon of rabbits 
will be discussed later (18). 

Since our evidence indicated that a massive intravascular clot follows the 
intravenous injection of the bacteria or of the toxin, it was rewarding to review 
current knowledge of clotting in invertebrates, and particularly in limulus. 
Although W. H. Howell was one of the first to describe the interesting jelly-like 
clot of limulus blood (19), most of our knowledge derives from the extensive 
studies by Leo Loeb (2, 6) during his repeated summer visits to Woods Hole. 
His work may be divided into several parts. First, he demonstrated that 
amoebocytes changed in form when removed from their natural vascular beds 
—either when placed on glass (20) or when tissue was injured (21). Many 
granules were lost from the cytoplasm during this change in form. One feature 
of the change was the extrusion of many fine filaments which tied the cells 
together in a loose network. On top of this a gel was formed. The process could 
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be slowed greatly by lowered temperatures, but standard anticoagulants had 
no effect. 

Loeb followed the behavior of these cells in primary explant cultures, made 
simply by placing a few drops of blood, removed under sterile conditions, in 
hanging drop cultures (22). It was then possible to follow their movements 
under different conditions, (23) and in one study he showed that they collected 
around certain foreign bodies (9). Although in an entirely different study (24) 
he also showed that bacteria (staphylococci) may cause goose plasma to gel, 
we were unable to find any record of studies on the reaction of limulus or its 
cell cultures to bacteria. Finally he showed that certain enzymes were liberated 
from the amoebocyte of clotted blood into the serum (25). 

Our study has centered around the toxicity of the bacteria and the destruc- 
tive effects produced by them. Yet the evidence that the reaction has a protec- 
tive effect is good. A gel formed at a traumatized area would prevent the 
ingress of the bacteria surrounding the animal and would also prevent further 
leakage of blood. We have found that the highly motile bacteria obtained from 
the confluent colonies are completely immobilized within a few minutes after 
they have been placed in a serum which can be gelled. Secondly the gels which 
had been formed in vitro either by addition of the toxin or by the introduction 
of the bacteria themselves, remained stable at room temperature for several 
weeks. 

Certain similarities to the current concept of the Schwartzman phenomenon 
in rabbits are striking. Like this reaction, a clumping of white cells within the 
vascular channels follows the injection of the toxin (26, 27). The formation of 
a gel in the limulus serum both im vitro and in vivo after the addition of the toxin 
is similar to the recent description of the changes in the generalized Schwartz- 
man phenomenon in which there is intravascular deposition of fibrinoid follow- 
ing the second injection of toxin (28, 29). The substances used to provoke the 
present reaction are similar to those used in the Schwartzman. It is further 
amusing that in both cases young animals (30) are less susceptible to the effect 
of the toxin. 

However, the preliminary injection has not been found important in the 
limulus reaction, whereas some preparatory treatment is all important in the 
Schwartzman. In the limulus reaction it is impossible to know the degree of 
sensitization already achieved by the wild-caught animals when they are tested, 
since they are continually exposed to a gram negative flora of motile bacteria. 

In one recent case report (31), an acutely ill patient was found to have a 
failure of blood clotting due to lack of fibrinogen—associated with bacteremia 
with Escherichia coli and acute yellow atrophy. Although Loeb believed fibrino- 
gen to be absent from Limulus the question as to whether the secondary clot 
is due to a fibrinogen-fibrin type of conversion needs further study. 
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SUMMARY 


In the horseshoe crab, Limulus polyphemus, an active bacterial infection 
which eventually killed the host was experimentally produced by gram negative 
marine bacteria. Its course was followed by blood cultures. The main patho- 
logical effect is referable to generalized intravascular clotting. 

A heat stable derivative was obtained by boiling a suspension of the bac- 
teria and separating the bacteria by centrifugation. The “toxin” killed limuli 
a few hours after injection. The toxin caused extensive intravascular clotting a 
few minutes after injection. This effect was observed by direct inspection of 
the living amoebocytes in the vascular compartment of the gill leaflets. These 
cells lost their granules, stuck to the wall of the compartment, and sent out long 
thin processes similar to those seen on extravascular clotting. Shigella toxin 
produced this same effect, but several gram positive bacteria failed to produce 
it. Although limuli were readily killed by urea, no intravascular clot was 
produced. Large (old) limuli were much more susceptible than young. 

Most of the sera from adult limuli formed a gel when combined in vitro with 
dilutions of the bacterial toxin or of the living bacteria. This gel immobilized 
the bacteria but did not kill them. The gel or clot was stable and tough and 
remained so for several weeks at room temperature. It is thought that this 
may represent an important protective mechanism against bacterial infections, 
in that immobilization of entering bacteria would delimit the infectious process. 

Similar changes in white cell behavior were observed after the injection of 
toxin in several other arthropods. 

The similarity of this reaction to the Schwartzman phenomenon is noted. 
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The electron microscope preparations and photographs were made by Mr. James 
Frost to whom we are indebted for their inclusion in the paper. 


PLATE I 


Fic. 1. Amoebocytes as they appear in the freshly drawn clotted blood from a healthy 
limulus. Change in shape caused by exposure to glass. Phase microscopy. 

Fic. 2. Portion of amoebocyte cell on formvar screen from fresh clot. Shadowed with 
chromium. Electron micrograph. 

Fic. 3. Small piece of amoebocyte joined in cellular clot of limulus blood. Shadowed 
with chromium. Electron micrograph. 

Fic. 4. Cell debris in blood from sick limulus. Failure of clot accompanied by portions 
of cell extensions apparently broken off from main body of cell. Unshadowed electron 


micrograph. 
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PLATE II 


Fic. 5. Phase microscope view of amoebocytes within gill leaflets. Disc shape and granu- 


lar content of cells well shown. 

Fic. 6. Similar view higher magnification. Nuclei can be made out in individual granular 
amoebocytes. 

Fic. 7. Effect of toxin on amoebocytes in gill leaflet. Individual cells with pointed proe- 
esses and loss of granules are adherent to the partitions of vascular channels. 

Fic. 8. Higher magnification of similar field but from small limulus in fourth day of 
bacteremia. 
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PLATE Il 
Fic. 9. Section through gill books and individual leaflets of normal limulus. Granular 
material within vascular spaces with individual amoebocytes. H and E x 50. 
Fic. 10. Section through similar preparation of limulus injected with toxin. H and E 
x 50. 
Fic. 11. Higher magnification of individual leaflet of normal limulus. Amoebocytes and 








granular material of normal blood. H and E x 400. 
Fic. 12. Edge of intravascular clot. H and E x 400. 


PLATE II! 
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PLATE IV 


Fic. 13. Hepatopancreas of normal limulus. Most of spaces around glandular cells are 


filled with granular plasma and free amoebocytes. H and E X 400. 
Fic. 14. Hepatopancreas of limulus injected with toxin. Vascular channels are free of 
plasma and amoebocytes adherent to partitions. H and E x 400. 





PLATE IV 
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PLATES V-VII 


Fics. 15, 16, and 17. Electron micrograph of serum from normal limulus. This prepara- 
tion had been freed of hemocyanin by ultracentrifugation. Collodion screens were placed on 


top of the serum. Toxin was added and the screens removed and the material washed, 
fixed with osmium vapor. It was then dried and shadowed with chromium. 


PLATE V 


Fic. 15. Before addition of toxin. The nature of the large black granules is not known. 
No fibers are formed. 22,400. 
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PLATE VI 


Fic. 16. Similar preparation seven minutes after toxin added. & 36,800. 
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PLATE VII 






Fic. 17. Similar preparation fifteen minutes after addition of toxin. « 22,000. 
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Necroses occurring in the striated muscle of experimental animals as a 
result of nutritional disturbance were first described in 1931 by Goettsch and 
Pappenheimer (1). These investigators produced muscle necroses in rabbits 
and guinea pigs, and called this condition ‘‘metabolic muscular dystrophy”. 
Some years later, Mackenzie and McCollum (2) recognized that a deficiency 
of vitamin E was the cause of this muscle necrosis. Their sick animals showed 
an increased excretion of urinary creatine, and in the rabbit the response to 
vitamin E therapy could be followed by a decrease in the creatinuria (3). At 
the present time, necroses in striated muscle have been shown to occur .n 19 
animal species as a result of alpha-tocopherol deficiency (4). The muscle necrosis 
is associated with proliferation of sarcolemma nuclei and leucocytic infiltration. 
Occasionally, adjacent macrophages contain a golden pigment, ceroid; but 
the presence of this acid-fast pigment depends on the added dietary factor of 
ingestion of unsaturated fats. In the rabbit and guinea pig, following alpha- 
tocopherol therapy, there is regeneration of the injured muscle. In other animals 
the lesion is irreversible (5). 

Although a clinical state of avitaminosis E has never been demonstrated 
in man (4), the possibility that low stores of tocopherol exist in newborn infants, 
both full-term and premature, has been suggested by analyses of tissues (6) 
and blood (7), and studies of hemolysis of erythrocytes in hydrogen peroxide 
(8). Low serum tocopherol (9, 7b) and positive hydrogen peroxide hemolysis 
tests (10) have also been found in patients with steatorrhea. The need for 
large doses of tocopherol esters to reverse these findings (8b) and the long 
duration of the defect in fat absorption made infants and children with cystic 
fibrosis of the pancreas and biliary atresia good subjects for study of evidence 
of vitamin E deficiency. lor this reason, Nitowsky, Gordon and Tilden (11) 
studied the effects of tocopherol administration in 5 patients with cystic fibrosis, 
in amounts sufficient to raise the plasma tocopherol. In all 5 patients, there 
was a simultaneous reversal of the in vitro hemolysis and striking decreases 


in creatinuria. In 2 patients with biliary atresia, similar therapy had no effect 
on creatinuria. 


Because of the biochemical evidence for vitamin E deficiency in patients 
with cystic fibrosis of the pancreas, Dr. Harry Gordon suggested a search for 
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pathological evidence of this deficiency. We, therefore, reviewed all sections 
of striated muscle removed routinely at autopsy from cases of cystic fibrosis 
of the pancreas, looking especially for muscle necrosis and inflammation similar 
to that found in vitamin FE deficient animals. Blackfan and Wolbach (12), 
in 1933, reported on the lesions seen in 13 children with vitamin A deficiency. 
They noted ‘“‘degeneration of muscle fibers” as an incidental finding in muscle 
accompanying sections of neck organs, ribs and diaphragm. Mackenzie (13) 
feels in retrospect, that this lesion, described by Blackfan and Wolbach, was 
probably due to concomitant vitamin FE deficiency. However, in their report, 
Blackfan and Wolbach describe no muscle necrosis or injlammation; and ap- 
parently what they noted as “degeneration” (there are no photographs of this 
lesion, and the frequency with which it was seen is not stated) possibly repre- 
sents a frequently encountered artefact of fragmented and irregularly con- 
tracted muscle fibers in small bits of striated muscle removed with other 
tissues. 

The fact that no necrosis of muscle has been seen in cystic fibrosis of the 
pancreas—and the vitamin A deficient children of Blackfan and Wolbach 
included several of this condition—does not imply its non-existence. A focal 
lesion, or a series of focal lesions in striated muscle might be missed because of 
the relative paucity of tissue examined in comparison to the great bulk of 
striated muscle present in the human body. 

Forty-eight cases of cystic fibrosis of the pancreas have been autopsied in 
this hospital. In 10 cases, large blocks of striated muscle were removed at 
autopsy. In the remaining cases only fragments of muscle were found to have 
been incidentally preserved adjacent to bone, thyroid, tonsil, prostate and 
testes. The many distorted fibers, seen in this material, were thought to be due 
to artefact, and in the absence of inflammatory changes, were felt to be without 
significance. In one case, however, in which an excellent block of psoas muscle 
was preserved, lesions similar to those described in vitamin E deficient animals 
were seen. For this reason, the following brief case report is given. 


CASE REPORT 

C. D., a white male infant, was first seen at this hospital at the age of 9 
months. The family history revealed that an aunt died of tuberculosis; that 
1 sibling died at 3 years and another sibling at 9 weeks of congenital cystic 
fibrosis of the pancreas. This baby had gained poorly in spite of a good ap- 
petite, had bulky foul-smelling stools; and was plagued by cough and respira- 
tory infection since birth. He had 4 admissions to the Harriet Lane Home, at 
ages 10, 14, 17 and 24 months, always for an exacerbation of respiratory 
infection. He was studied on his various admissions with the following pertinent 
findings: there was episodic fever and a leucocytosis ranging from 12,500 to 


19,000 W.B.C. X-rays showed diffuse increase of lung markings suggesting 
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FOCAL NECROSIS OF STRIATED MUSCLE 
bronchiectasis; bronchoscopic examination also suggested bronchiectasis. The 
stools were bulky, non-formed, foul-smelling and contained undigested food. 
Repeated duodenal enzyme tests showed no trypsin activity. In spite of pan- 
creatin administration, antibiotic therapy, a high caloric diet with high 
protein and low fat content, massive doses of vitamins including ‘‘Desynon,”’* 
ascorbic acid and B complex, he did poorly, dying in respiratory acidosis at the 
age of 24 months. The final clinical diagnosis was cystic fibrosis of the pancreas, 
and chronic pulmonary disease. 

The autopsy ( #21199) was performed 14 hours after death by Dr. Charles 
Bowers. Only the pertinent findings are recorded herewith. The body was 
that of a well-developed but poorly nourished white male, weighing 10 kilo- 
grams. Purulent material plugged the external nares. Petechial hemorrhages 
were scattered through the lobes of the thymus. The heart seemed enlarged 
because of dilatation of the right ventricle. The trachea and bronchi were 
injected and contained purulent exudate. The tracheo-bronchial lymph nodes 
were enlarged. The lungs were voluminous. On section, all lobes were studded 
with miliary nodules 1 to 2 mm. in diameter. On pressure, purulent material 
could be expressed from these areas, which presumably were pus-filled bron- 
chioles. In addition, small foci of gray consolidation were seen in the central 
portions of the upper and lower lobes. The pancreas was small but showed 
no other gross abnormality. The head of the pancreas with the attached 
Ampulla of Vater was preserved in a block for serial sectioning. The mesen- 
teric lymph nodes were pale and nodular. The other viscera were grossly 
normal. 

Microscopically, the following lesions were noted: The myocardium of the 
right ventricle was hypertrophied. In sections of lungs there was widespread 
dilatation of bronchi and bronchioles containing fibrinopurulent and inspissated 
necrotic exudate in which masses of bacteria could be stained. The bronchial 
walls were thickened by advanced chronic inflammatory changes with in- 
filtrating plasma cells, lymphocytes, macrophages, eosinophiles and occasional 
polymorphs. There were areas of necrosis in bronchial epithelium and also 
several small foci of squamous metaplasia. Numerous small peribronchial 
areas of lobular pneumonia were present in both lungs. The bronchial mucus 
glands showed dilatation, atrophy and scarring. Chronic inflammation with 
dilatation of mucous glands was also present in the trachea. 

The pancreas was greatly altered, showing the typical changes of congenital 
cystic fibrosis. The main pancreatic duct, as well as its entry into the duodenum 
via the Ampulla of Vater, was traced in serial sections and seen to be normal. 
Small pancreatic ductules, however, showed widespread plugging with 
eosinophilic material, resulting in cystic dilatation and atrophy of acini. In 


*Winthrop-Stearns Vit. D3 (milk-sol. 7 dehydrocholesterol) 
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the extensive interstitial scarring throughout the pancreas, myriads of intact 
islets of Langerhans were preserved. Brunner’s glands in the duodenum also 
showed dilatation with resulting atrophy and scarring. The liver was normal 
except for several small foci of periportal scarring containing dilated bile ducts, 
plugged with eosinophilic material. Lymph nodes were hyperplastic. Small 
hemorrhages were seen in the thymus and splenic pulp. No metaplasia was 
seen in the urinary tract epithelium. A section of rib showed excess osteoid 
about the trabeculae of the shaft as well as irregular penetration of vessels at 
the costo-chondral junction. 

The psoas muscle was greatly altered microscopically. There were numerous 
elongated foci of hyaline necrosis of fibers with an inflammatory reaction of 
mononuclear cells and some polymorphs about the necrotic fibers. Proliferation 
of sarcolemma nuclei was also present (Figs. 1 and 2). Adjacent macrophages 
were seen to contain necrotic debris and lipoid vacuoles. Acid-fast stains re- 
vealed no ceroid in this lesions, nor were any bacteria demonstrated. Fragments 
of striated muscle about a rib, the thyroid, prostate and testes showed no 
lesions. 

Anatomical Diagnosis: Cystic fibrosis of the pancreas. Dilatation, atrophy 
and scarring of Brunner’s glands of the duodenum. Focal dilatation of intra- 
hepatic bile ducts containing inspissated material with slight periportal scar- 
ring. Slight bronchiectasis. Dilatation and scarring, bronchial mucus glands. 
Chronic purulent tracheitis, bronchitis, and bronchiolitis (hemolytic staphylo- 
coccus aureus). Squamous mataplasia, bronchial epithelium. Lobular pneu- 
monia. Chronic lymphadenitis. Hemorrhages, thymus and spleen. Rickets. 
Focal hyaline necrosis with inflammation and proliferation of sarcolemma 
nuclei, psoas muscle. 

DISCUSSION 

This case of congenital cystic fibrosis of the pancreas is reported because 
lesions, simulating those found in the striated muscle of alpha-tocopherol 
deficient animals (Figs. 3 and 4), were present in the psoas muscle. Although 
this child had no trypsin activity in duodenal juices, no studies of blood alpha- 
tocopherol levels or creatine excretion were made during life, and there was 
no clinical proof of vitamin E deficiency. Deficiency of other fat-soluble vita- 
mins is indicated by anatomical lesions. Vitamin A deficiency is suggested by 


the areas of squamous metaplasia seen in bronchial mucosa, although this 
change could also have resulted from the chronic respiratory inflammation. 
That vitamin D deficiency occurred is proven by the rachitic lesions present in 
a rib, which developed in spite of excellent dietary and vitamin supervision. 
The presence of focal hyaline necroses, inflammation and proliferation of 
sarcolemma nuclei in striated muscle seems worthy of note because of its pos- 
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sible relation to a vitamin E deficiency occurring in connection with a probable 
vitamin A and definite vitamin D deficiency. It is suggested that in future 
cases where vitamin E deficiency is demonstrated, ample blocks of striated 
muscle should be studied for a possible correlation between a low 
alpha-tocopherol level and necrosis of striated muscle in man, as in experi- 
mental animals. 


SUMMARY 


This is a case report of a 24 months old child, dying with respiratory infec- 
tion in association with congenital cystic fibrosis of the pancreas. There is 
evidence of deficiencies of the fat-soluble vitamins with resulting rickets and 
foci of squamous metaplasia of bronchial epithelium. There is focal hyaline 
necrosis of striated muscle with associated inflammation and proliferation of 
sarcolemma nuclei, simulating the lesions found in striated muscle of vitamin 
E deficient animals. 
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EXPLANATION OF ILLUSTRATIONS 
(Photographs by Miss Patricia Whitney) 


Photomicrographs of striated muscle, stained with hematoxylin and eosin 
Fic. 1. Psoas muscle from autopsy #21199, showing focal necrosis of fibers, proliferating 
sarcolemma nuclei, and a few inflammatory cells (100). 
Fic. 2. Higher power of above (X150), showing loss of striae in hyaline fibers in cen- 
ter of field. 
Fic. 3. Striated muscle from rabbit, raised on a tocopherol-deficient diet, showing focal 


necrosis of fibers, proliferating sarcolemma nuclei and a few inflammatory cells (x 100). 
(Section, Courtesy Dr. Richard H. Follis, Jr.) 
Fic. +. Higher power (150) of necrotic muscle fibers in above 
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Recent studies of hemolysis of erythrocytes in hydrogen peroxide (1) 
and of plasma tocopherol concentrations (2) suggest that infants and children 
with cystic fibrosis of the pancreas and biliary atresia suffer from a prolonged 
deficiency of vitamin E, presumably because of faulty absorption (3, 4). In 
an attempt to find clinical, biochemical, physiological or pathological correlates 
of this deficiency, it was decided to study the effect of tocopherol administra- 
tion on urinary creatine and creatinine excretion. This seemed desirable because 
nutritional muscular dystrophy (5) is such a common finding in vitamin E 
deficient animals (6) and because creatinuria which develops early in these E 
deficient states responds promptly to tocopherol ingestion (7). It is the purpose 
of this paper to present the results of administration of tocopherol in five 
children with cystic fibrosis of the pancreas and in two infants with congenital 
biliary atresia. 

SUBJECTS 

Five boys, age 3 to 10'4 years with cystic fibrosis of the pancreas and two 
male infants, age 4!9 and 9 months with biliary atresia were admitted to the 
Sinai Hospital for study. Their clinical histories are briefly as follows: 

1. P. K., SH-No. 77083, was referred for study by Dr. Lucille Liberles. This 51% year old 
white boy had a history of recurrent upper respiratory infections and cough since the age of 
5 months. He was admitted to the Sinai Hospital at 11 months and again at 2 years of age 
because of pneumonia. Duodenal drainage during the latter hospitalization revealed low 
tryptic activity. One sibling had died at 6 months with findings of cystic fibrosis of the 
pancreas at autopsy. The patient was treated with various antibiotics and a low fat diet 
with multivitamin supplements. At the time of readmission to the hospital in March, 1955, 
the patient appeared poorly developed and malnourished, with moderate dyspnea, emphy- 
sema, rales throughout both lung fields, and clubbing of fingers and toes. Chest x-ray re- 
vealed widespread parenchymal infiltrations and fibrosis. After discharge from the hospital, 


This investigation was supported in part by a grant (A-494) from the National Institute 
of Arthritis and Metabolic Diseases, National Institutes of Health, United States Public 
Health Service. 
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a short period of improvement was followed by a downhill course and death in congestive 
heart failure in June, 1955. No post mortem examination was done. 

2. E. C., SH-No. 124956, HLH-No. 44104, a 101% year old white boy, was first admitted 
to the Harriet Lane Home at 13 months with a history of poor weight gain, loose foamy 
stools, and chronic cough with recurrent respiratory infections since 3 months of age. Several 
examinations of duodenal fluid were negative for tryptic activity. The patient was started on 
a low fat diet, pancreatin, vitamin supplements and antibiotic therapy. He has had five 
additional admissions to the Harriet Lane Home for pneumonia. On his most recent ad- 
mission, he was found to be underdeveloped and poorly nourished, with moderately severe 
emphysema, and marked clubbing of his fingers and toes. Chest x-ray revealed numerous 
nodular and patchy densities throughout both lung fields with increased bronchovascular 
markings. 

3. M. F., SH-No. 126372, HLH-No. 84714, a 9 year old white boy, had an illness diag- 
nosed as pertussis at the age of 3 months followed by recurrent upper respiratory infections 
and bronchitis. His stools were frequently bulky, foul smelling and foamy. At the age of 3 
years, he was put on a celiac diet but without improvement. He was admitted to the Harriet 
Lane Home in 1951 at which time examination revealed a well nourished child, with coarse 
rales at both lung bases. Chest x-ray revealed infiltrations involving both lower lung fields 
and bronchograms showed tubular bronchiectasis of the right lower lobe and suggestive 
early bronchiectasis of the left lower lobe. Duodenal drainage revealed no tryptic activity 
on several occasions. He has been treated with antibiotics orally and by aerosol, postural 
drainage and pancreatin and has done relatively well. 

4. J. C., SH-No. 125702, a 3 year old white boy was first seen at Sinai Hospital in July, 
1955 with complaints of failure to thrive, foul bulky stools of 1 year’s duration and a 
persistent hacking cough of 3 months duration. Previous illnesses included an episode of 
pneumonia at 2 years of age. Family history revealed that 1 sister died at 9 months of age 
with gastroenteritis. Examination revealed a poorly developed, poorly nourished child 
weighing 21 lbs., with a protuberant abdomen, some wasting of the buttocks, and suggestive 
beading of the costochondral junctions. Laboratory studies revealed no tryptic activity in 
the stools. Chest x-ray was normal; long bone series showed no evidence of rickets. The 
child had an intermittent loose cough while under observation. He was discharged from the 
hospital with a diagnosis of fibrocystic disease of the pancreas on terramycin prophylactically 
and a normal diet with added vitamin supplements. 

5. D. M., SH-No. 126319, HLH-No. 21153, is a 3 year old white boy referred for study 
by Dr. Janet Hardy. He was first admitted to the Harriet Lane Home in July, 1955 witha 
history of chronic cough and recurrent upper respiratory infections since 6 weeks of age, 
the passage of frequent foul bulky stools and poor weight gain. A diagnosis of fibrocystic 
disease of the pancreas had been made one year previously and some improvement was noted 
on antibiotic therapy, pancreatin and alteration of the diet. Examination revealed a slightly 
underdeveloped and malnourished child with frequent cough, dyspnea and cyanosis. Slight 
emphysema was present with rales and rhonchi over both lung fields and clubbing of the 
fingers and toes. Chest x-ray revealed coarsely mottled pulmonary infiltrations and on 
bronchoscopy mucopurulent exudate was found in all bronchial orifices. A culture showed 
hemolytic staphylococcus aureus. A stool test was negative for tryptic activity and a sweat 


test revealed a markedly elevated chloride concentration. 

6. D. Z., SH-No. 123859, a 444 month old white infant, was referred for study by Dr. 
David Josephs. He was born on February 13, 1955 following an uneventful gestation and 
jaundice was noted soon after birth. The infant was asymptomatic but the icterus became 
progressively more severe and at 2 months of age he was admitted for diagnostic studies. 
The findings indicated an obstructive jaundice compatible with congenital atresia of the 











bile 
atre 


dist 
obs 
At 

bili 


ord 
of ¢ 
Cre 
Ta 


tin 
of 

pai 
we 
pri 


(1 


int 
lib 








restive 


mitted 
foamy 
everal 
ted on 
id five 
nt ad- 
severe 
nerous 
scular 


; diag- 
ctions 
re of 3 
larriet 
coarse 

fields 
restive 
tivity 
stural 


| July, 
and a 
de of 
of age 
child 
estive 
‘ity in 
. The 
m the 
‘ically 


study 
vith a 
f age, 
cystic 
noted 
ightly 
Slight 
f the 
id on 
rowed 


sweat 


y Dr. 
n and 
came 


udies. 
f the 








STUDIES OF TOCOPHEROL DEFICIENCY. IV 363 


bile ducts. At 4 months of age he was readmitted for exploratory laparotomy which revealed 
atresia of the extrahepatic biliary system. Although no surgical repair was possible, a chole- 
cystoduodenostomy was performed. Biopsy of the liver revealed early biliary cirrhosis. 

7. W. L., SH-No. 119881, a 5 month Negro infant was referred for study by Col. O. C. 
Bruton from the Walter Reed Army Hospital. One week after birth, he developed fever, 
diarrhea and dark colored urine. At 12 days of age, scleral icterus was noted and jaundice 
became more pronounced and persistent thereafter in association with clay colored stools. 
He was admitted to Walter Reed Hospital at 6 weeks of age where icterus and abdominal 
distention with hepatosplenomegaly were noted. Laboratory studies were compatible with 
obstructive jaundice and needle biopsy of the liver revealed biliary stasis with bile thrombi. 
At 34% months of age a laparotomy was performed at which no evidence of an extrahepatic 
biliary tree or gallbladder was found. 


METHODS 


The patients were placed on creatine-poor diets, containing no meat, fish, or soups in 
order to minimize variations in creatine excretion from exogenous sources. After foreperiods 
of at least four days, urine was collected under toluene during control periods of 3 to 9 days. 
Creatine and creatinine were determined by a modification of the method of Bosnes and 
Taussky (8). In the two infants with biliary atresia, creatine and creatinine were also deter- 
mined by adsorption on Lloyd’s reagent according to the method of Hare (9). Urinary crea- 
tine and creatinine are expressed as mg./kg./day, and the former is also presented as per cent 
of total creatine plus creatinine. In the two youngest patients with cystic fibrosis of the 
pancreas (DM and JC) and in one of the patients with biliary atresia (WL), urine collections 
were frequently incomplete and only the proportion of the total creatinine as creatine is 
presented. 

Plasma tocopherol was determined by the micromethod of Quaife, Scrimshaw and Lowry 
(10) and erythrocyte hemolysis in hydrogen peroxide according to the method of Gyérgy, 
Cogan and Rose (11). The ratio of hemoglobin liberated from aliquots of red blood cells 
incubated in hydrogen peroxide and diluted with a phosphate buffer solution to that 
liberated by dilution in distilled water was expressed as per cent hemolysis. 

Tocopherol was given orally to the patients with cystic fibrosis as water miscible esters, 
either the acetate* or the polyethylene glycol-1000-succinate (PGS)}. The two patients 
with biliary atresia received the PGS intravenously because of past difficulties in raising 
their plasma tocopherol and in reversing hemolysis by oral administration (2). In patient 
DM with cystic fibrosis, PGS was given intravenously because of the slowness of its effect 
orally. No harmful reactions were noted. Tocopherol can be estimated as being 91 and 25 
per cent of the acetate and PGS esters respectively. No systematic studies were made of the 
dosage required to obtain effects, the amounts given being dictated at times by the prepara- 
tions available or the expressed desires of parents to take children home from the hospital 
during the study. 


RESULTS 
Cystic Fibrosis of the Pancreas 


In Table I are presented the detailed results for three older children for 
whom urinary collections were complete. It is seen that during the control 


* Aquasol E, supplied through the courtesy of Dr. N. Berman of the U. S. Vitamin 
Corporation, New York, New York. 

t Supplied through the courtesy of Dr. Stanley R. Ames of the Distillation Products 
Industries, Rochester, New York. 
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TABLE I 


Effect of Tocopherol Administration on Erythrocyte Hemolysis, Plasma Tocopherol and Creatine 
Excretion of Patients with Cystic Fibrosis of the Pancreas 
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TABLE II 


Effect of Tocopherol Administration on Erythrocyte Hemolysis, Plasma Tocopherol and Creatine 
Excretion of Patients with Cystic Fibrosis of the Pancreas 
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Fic. 1. Effect of oral tocopherol PGS on erythrocyte hemolysis, plasma tocopherol and 
urinary creatine and creatinine excretion in a child with cystic fibrosis of the pancreas. 


periods plasma tocopherol levels were very low, varying from 0 to 0.22 mg. 
per cent and that in two of the three children, hemolysis was over 50 per cent. 
Urinary creatine varied from 5.1 to 8.8 mg./kg./day, representing from 25 to 
40 per cent of the total creatinine output. With administration of tocopherol, 
plasma tocopherol rose to levels of 0.62 to 1.42 mg. per cent, hemolysis de- 
creased to 2 per cent or less, and creatine excretion fell markedly both in ab- 
solute values (0.8 to 2.4 mg./kg./day) and as proportion of total creatinine 
(7-15 per cent). In subject EC it appeared that 150 mg. of tocopherol acetate 
was not as effective as 300 mg. per day in diminishing the creatinuria. 

In Table II are presented the findings in two younger subjects for whom 
urine collections were not complete. In both, hemolysis which ranged from 
90 to 100 per cent, and plasma tocopherol which ranged from 0 to 0.09 mg. 
per cent, showed the expected changes with ingestion of large doses of 
tocopherol for over a month. The proportion of total creatinine as creatine 
dropped from 24 to 13 per cent and from 31 to 12 per cent. In subject DM, the 
drop did not take place until after PGS, 50 mg. daily, was given intravenously 
for four days.* In Figure 1, data are presented graphically for one subject, MF. 


*DM was readmitted to the hospital for study after approximately six months of oral 
tocopherol acetate, 100 mg. daily. After 4 days on a creatine poor diet, urine collections 
which were at this time complete showed for a 5 day period, creatinine and creatine coeffi- 








Ef 


o 





mg. 
ent. 
5 to 
rol, 
de- 
ab- 
‘ine 
ate 


om 
om 
ng. 
, of 
ine 
the 


sly 
iF. 


oral 
ons 








STUDIES OF TOCOPHEROL DEFICIENCY. IV 


TABLE III 


367 


Effect of Tocopherol Administration on Erythrocyte Hemolysis, Plasma Tocopherol and Creatine 
Excretion of Patients with Biliary Altresia 
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In Table III, are presented the detailed data for the two infants with biliary 
atresia. In both infants, tocopherol PGS given intravenously promptly raised 
plasma tocopherol to high concentrations (2.43 to 2.84 mg. per cent) with 
reversal of hemolysis. No effect was noted on creatinuria although high plasma 
tocopherols were maintained for as long as 20 and 11 days respectively. In 








cients of 14.3 and 3.5 mg./kg., 22 per cent of the total creatinine output being creatine. The 
dose of tocopherol acetate was then raised to 200 mg. daily; over a 3 day period the creatinine 
coefficient was essentially unchanged, 15.9 mg./kg., but the creatine coefficient fell to 0.9 
mg./kg., only 5 per cent of the total creatinine excretion. 
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Fic. 2. Effect of intravenous tocopherol PGS on erythrocyte hemolysis, plasma tocoph- 
erol and urinary creatine and creatinine excretion in an infant with biliary atresia. 
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Fic. 3. Summary of results of tocopherol administration on erythrocyte hemolysis, 
plasma tocopherol and urinary creatine, expressed as proportion of total daily creatinine 
output in infants and children with steatorrhea. P. K., E. C., M. F., J. C., and D. M. are 
patients with cystic fibrosis of the pancreas and D. Z. and W. L., two infants with biliary 
atresia. 


WL. 








Fig 
the 








ph- 


sis, 
ine 


are 








STUDIES OF TOCOPHEROL DEFICIENCY. IV 369 


Figure 2, the results for infant DZ are presented graphically, and in Figure 3, 
the effects on creatinuria are summarized for all 7 subjects. 


DISCUSSION 


The similarity of the effects of tocopherol on the creatinuria of animals 
with nutritional muscular dystrophy (6) and of patients with cystic fibrosis of 
the pancreas who also suffer from E deficiency make it attractive to postulate 
that the general muscular weakness noted in these patients may represent a 
specific evidence of prolonged E deficiency. This could be explained by faulty 
absorption of vitamin E just as squamous metaplasia and rickets in these 
subjects is explained by faulty absorption of vitamins A and D respectively. 

The following facts must be considered before one accepts this suggestion. 
First, we have no objective evidence that the patients have more muscle 
power after tocopherol administration, although mothers and other physicians 
who have been following them believe that the children look much better and 
seem stronger. Second, although creatine excretion dropped sharply in all 
patients after tocopherol administration, one cannot be certain that the level 
before therapy was excessive because of the variation in creatine excretion by 
the relatively small number of children studied on creatine-poor diets (12, 13). 
Third, the investigations of Zierler and his co-workers (14) have indicated the 
significance of the rate of reabsorption of creatine by renal tubules as well as 
of the serum creatine level in determining creatinuria. Serum creatine may be 
affected by ingestion of creatine as already mentioned, by accelerated hepatic 
synthesis, or disorders of muscle metabolism. Further studies are planned of 
muscle power and creatine clearance before and after tocopherol administration 
both in normal children and in children with cystic fibrosis of the pancreas in 
an attempt to determine whether the effect of tocopherol on creatinuria is 
mediated through muscles or renal tubules or both. Finally, Young e¢ al. (15) 
have recently reported that pyridoxine or tocopherol will decrease the cre- 
atinuria of rats on a diet deficient in both pyridoxine and tocopherol, suggesting 
that the creatinuria in these patients may be conditioned by the lack of other 
factors in addition to vitamin E. 

It is of interest, that Oppenheimer (16) has found lesions in the muscles of 
an infant with cystic fibrosis of the pancreas that closely resembled those of E 
deficiency in animals, and that Woodruff (17) has recently reported diminished 
creatinuria and increased strength following tocopherol administration in an 
adult with faulty absorption of fat studied several years ago. 

The lack of response of the creatinuria of the two patients with biliary atresia 
deserves comment. These subjects had a marked defect in tocopherol absorp- 
tion as judged from past difficulty in raising their plasma tocopherol by oral 
administration of tocopherol esters. On the other hand, the deficiency was not 
as prolonged as in the patients with cystic fibrosis of the pancreas since their 
ages at the time of study were only 5 and 9 months; in puppies whose common 
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bile ducts have been ligated, muscular dystrophy may not develop for two 
years (18). Furthermore, the infants with biliary atresia also had cirrhosis of 
the liver; this may conceivably alter the effectiveness of tocopherol in de- 
pressing creatinuria. 


SUMMARY AND CONCLUSIONS 


1. Hemolysis of erythrocytes in hydrogen peroxide, plasma tocopherol and 
creatine and creatinine excretion were determined in 5 children with cystic 
fibrosis of the pancreas, and in 2 infants with congenital biliary atresia. De- 
terminations were made while on creatine-poor diets before and after adminis- 
tration of tocopherol esters. 

2. In all 7 patients, the administration of relatively large doses of tocopherol 
esters, either orally or intravenously, raised the plasma tocopherol and de- 
creased the in vitro hemolysis. 

3. In each of the 5 patients with cystic fibrosis of the pancreas, creatinuria 
was decreased either absolutely or in proportion to the total creatinine. 

4. In each of the 2 patients with biliary atresia, there was no change in 
creatinuria. 

5. The relation of the findings to the weakness of the patients with cystic 
fibrosis, and the need for further studies to define the importance of renal 
tubular absorption, hepatic synthesis and muscle metabolism were discussed. 
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Since the pathology of classic avitaminosis conditions theoretically stems 
from a single defect in metabolism, it was thought that electron microscope 
investigations of such conditions might provide new information about patho- 
logical changes which are beyond the limit of resolution of the light micro- 
scope. The interesting suggestion of Wolbach (1) that vitamin A might be a 
material solely concerned in maintaining an apparatus within cells prompted 
reinvestigation of the phenomenon of epithelial keratinization secondary to 
vitamin A deficiency. A recent electron microscope study of the corneal epithe- 
lium of the mouse has provided the necessary control for the observations that 
are presented here (7). 

Following on the simultaneous recognition in 1913 by McCollum and Davis 
(8) and Osborne and Mendel (9) of the indispensability of a fat-soluble sub- 
stance for well-being, and the subsequent isolation, identification, and synthesis 
of vitamin A as the primary alcohol C;,H»CH,OH by Karrer (10), many papers 
have been published on the pathology and physiology of vitamin A avitamino- 
sis. Despite a wealth of work, astonishingly little is known of the function of 
vitamin A except for its role in visual processes (11). 

Microscopic changes secondary to vitamin A deficiency in epithelial struc- 
tures have been described in the rat, guinea pig, fox, mouse, monkey, and 
human (2, 3, 4, 12, 13, 14, 15). No relationship has been found, however, be- 
tween the chemical and/or microscopic distribution of the vitamin and the 
occurrence or non-occurrence of tissue changes. An explanation of the function 
of vitamin A based on embryological grounds seemed untenable, and the order 
in which various organs are affected by the keratinization has not offered any 
hints as to its physiological role in maintaining the integrity of various epithelia. 

Mori seems to have been the first to publish photomicrographs of the kera- 
tinizing epithelium from the vitamin A deficient rat showing that the so-called 
“keratohyaline” granules are prominent in the more superficial layers of the 
corneal epithelium but not in the basal layers of cells (16). 

In another early study on the occurrence of ophthalmia secondary to avita- 
minosis A, Wason (18) concluded that the primary etiologic factor is simply 
lack of vitamin A, but she placed much emphasis on the contribution of second- 
ary bacterial invaders to the pathological process, a finding supported by 


1 Fourth year student, The Johns Hopkins University School of Medicine. 
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others. In fact, Yudkin and Lambert (19, 20) had concluded that the 
ophthalmia associated with avitaminosis A was due to infection alone, ob- 
servations apparently supported by Tyson and Smith (21). 

The investigations of Wolbach and Howe (5, 6) contributed much to our 
knowledge of pathological processes and not the least among their contributions 
was the demonstration that infection did not produce the primary changes seen 
in the vitamin A deficient animal. They stated, “‘our observations disprove that 
infection plays an important role in producing the clinical picture of 
the ophthalmia or that it is responsible for initiating the keratinizing change’’, 
and described the pathology of vitamin A avitaminosis as “atrophy of the 
epithelium concerned, reparative proliferation of basal cell, and growth and 
differentiation of the new products into a stratified keratinizing epithelium’’, 
concluding, ‘‘the substitution of keratinizing epithelium in all locations is not 
secondary to infections and presumably is a primary effect of the withdrawal 
of factors essential for the chemical activities or maintenance of differentiation 
of the epithelium concerned”’. 

Goldblatt and Benishek (22) repeated earlier experiments and confirmed the 
findings of Wolbach and Howe. 

While most earlier studies used the rat as the experimental animal, Wolfe 
and Salter (13) put albino mice on the vitamin A deficient diet and found the 
pathology to be quite the same as that in the rat. Various types of epithelium 
of the body organs were replaced by keratinized cells; the first changes appeared 
in the respiratory tract but were closely followed by ophthalmia. It is inter- 
esting that these investigators as well as Wolbach and Howe note that no 
keratinization takes place in the intestine while marked changes were seen in 
eyes, respiratory tract, lower urinary tract, testis and associated glands. 

In 1945 Sullivan and Evans (23) summarized the concept of the pathogenesis 
of avitaminosis A lesions as ‘‘atrophy followed by metaplastic hyperkeratiniza- 
tion” but Friedenwald, Buschke, and Morris (24) questioned any postulated 
increased growth activity on the basis of experiments in which they calculated 
the mitotic rate of the corneal epithelium in normal and vitamin A 
deficient rats. 

Recent tissue culture studies (25) together with the classical work of Wolbach 
and Howe serve to stress the importance of vitamin A in maintaining the in- 
tegrity of the epithelium but have not contributed to a better knowledge of 
its actual function. They do, however, suggest that vitamin A is in some way 
related to the differentiation of the epithelium. 


MATERIALS AND METHODS 


Forty young white Swiss mice weighing 3-10 grams were paired and ten pairs were 
placed on the vitamin A deficient diet developed at the Vitamin Department of the Swedish 
National Public Health Institute by Professor E. Brunius. The composition of this diet 
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TABLE I 
Vitamin Deficient Diet 



































Gn. 
RE RET ST Se pCa eC nan 625 
Casein, extracted, vitamin-free (Kabi Company)........ ata 180 
Dried brewer’s yeast (Kabi Company).........................-. 100 
a Me NY OIE NG INC on. ceincinc wide sicvsdoleerceweseeeers HW 
ne 5 
Ground nut oil with vitamin D, (60 IU/gm.)..................... 50 
airs teEG ind ants diosa nchincee ce pean neeweime aod wees 1,000 
TABLE II 
Gm. 
Mixture of Salis No. 5a 

KH2POQ, 384 .00000 

CaCO; 405 . 80000 

KCl 28 .04000 

NaCl 84.05000 

MgSO, + H,0 56.91000 

FeSO, + 7H;O 31.12000 

MnSQ, + 4H;0 8.12000 

CuSO, + 5H;0 0.98200 

ZnSO, + 7H;,O0 0.54980 

CoC], + 6H,O 0.02019 

KAI(SO,)2 + 12H;O 0.08795 

NaF! 0.27630 

KBr 0.01861 

Na,HAsO; 0.01134 

Na,B,O; + 10H,;0 0.02203 

Mizxture of Salis No. 5b 
NaCl 124. 18000 
KI 0.81800 








is shown in Tables I and II and is identical with that used by Hedenberg (26) in a light 
microscope study on the urinary tract of vitamin A deficient rats. The paired control mice 
were fed the same diet with twice weekly supplements of 25 International Units of water- 
soluble vitamin A preparation per animal. Both the experimental and control animals re- 
ceived weekly supplements of vitamin By, vitamin E, vitamin C, vitamin K and vitamin P 
in order to insure that any experimentally induced changes would be due to the vitamin A 
deficiency alone (Table III). Vitamin D was provided as shown in the diet. 

Each pair of mice was caged in a glass battery jar with wood shavings as litter and covered 
with a wire screen. The possible benefits of coprophagy were considered negligible. Water 
was constantly available and the diets were provided ad libitum in glass containers. 
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TABLE III 
Vitamin Supplement for Vitamin A Deficiency Experiment 





Vitamin Bz—0.3 mg./animal/day (cyanocobalamine, Behepan*, Kabi) 

Vitamin C—3.5 mg./animal/day (ascorbic acid) 

Vitamin E—0.3 mg./animal/day (a-tocopherol, E-vimin*, Astra) 

Vitamin K—0.15 mg./animal/day (menadiol tetrasodium phosphate, K-vimin*, Astra) 
Vitamin P—0.7 mg./animal/day (rutin, Rutvil*, Leo) 

Vitamin Af—5.0 I.U./animal/day (water soluble, A-vimin*, Astra) 





* Proprietary name. 
t Control animals only. 


The mice on the deficient diet did not show any appreciable avitaminosis changes for 
many weeks during which time several pairs gave birth to young. The male parent was 
then removed and the young remained with their dam until they could forage for them- 
selves. Two of the experimental mice apparently experienced difficulties during parturition 
and died in labour. In a few instances offspring were devoured. The young were paired 
and continued on the particular diet of their parents after weaning since it seemed necessary 
to continue the experiment through more than one generation. The male parent was returned 
to the female after removal of the young and several pairs mated again to produce a second 
or third litter. The first offspring of the parent stock (F; generation, litter 1) also mated, 
producing the F2 generation. 

Differences in general appearance and behavior between the experimental and control 
animals were far more striking in the F; and F, generations than in the parent stock. The 
experimental animals were obviously stunted in growth and listless in behavior. Their fur 
was ruffled and they spent most of their time in a hunchbacked position. Clinical evidences 
of ophthalmia were present in all but one of the experimental animals of the F, and F;, 
generation and presented as a crusted exudate often causing the eyelids to remain shut. 
There were no obvious skin lesions, exfoliations of hair, or dermatitides and none of the 
offspring of the various mated pairs demonstrated any gross congenital defects. The course, 
condition, and clinical appearance of animals whose tissue was studied in both the light 
and electron microscope is shown in Table IV. 

It was interesting to note that in the later stages of the experiment as soon as the food 
containers were refilled both the experimental and control animals began to investigate 
their meal, but the experimental animals precipitously attacked their container, spilling 
large amounts into the litter. 

At various times during the course of the experiment animals were sacrificed by decapita- 
tion in a cold room at 0°C. The eyes were enucleated within 90 seconds of decapitation, 
bisected under and immersed in 1 per cent isotonic osmium tetroxide in veronal acetate 
buffer, pH 7.2-7.4, for periods up to two hours and then dehydrated in graded ethy] alcohols 
(27, 28). The tissue was then left in a 16:1 mixture of n-butyl-methyl methacrylate con- 
taining 0.2 per cent benzoyl peroxide as catalyst (34) for at least two hours before polymer- 
ization at 45°C. Sections for electron microscopy were cut by a honed steel edge with a 
Sjéstrand microtome (29) and picked up from 20 per cent ethyl alcohol solution on Formvar- 
coated? copper grids. An RCA EMU 2c electron microscope with compensated objective 
pole piece, an objective aperture of 50 microns, three apertures in the projector lens and 
small condensor lens aperture was used. Magnification was calibrated by means of a diffrac- 
tion grating and Dow latex spheres (28). 


? Shawinigan Products Corp., 350 Fifth Avenue, New York City. 
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TABLE IV 
Course, Condition, and Clinical Appearance of Animals Whose Tissue Was Studied with Both the 
Light and Electron Microscope 
: ‘ 5 Histolog- 
Aoimal Number | Toe, | Comer mt | | Sati | opktithe | nett 
Original | Final zation 
304 7 250 F-1, litter 1 0 14 Poor Bilateral + 
302 # 250 F-1, litter 1 0 14 Poor Bilateral + 
246 # 210 F-2, litter 1 0 6 | Poor Bilateral + 
283 @ | 190 F-1, litter 2 0 14 | Poor Bilateral + 
282 9 | 190 | F-1, litter 2 0 14 | Fair Bilateral + 
281 7 | 190 | FA, litter 2 0 14 Poor Bilateral + 
243 9° 164 Parent 5 14 Poor Bilateral > 
234 9 | 146 F-1, litter 2 0 12 Fair Bilateral + 
233 # | 146 F-1, litter 2 0 12 Poor Bilateral + 
232 # | 146 |  F-1, litter 1 0 16 Poor Bilateral + 
224 | 133 | F-, litter 1 0 16 | Poor Bilateral + 
205 # | 133 | F-1, litter 2 0 11 Good None + 
204 9 | 133 | F-1, litter 1 0 16 | Fair Bilateral + 
203 | 133 | F-1, litter 1 0 15 Fair Bilateral ~ 
20a 9 | 111 | F-1, litter 1 0 14 | Fair Bilateral + 
20b 9 | 11 | Ft litter 1 o | 13 | Fair Left eye + 
(control) —| | 

19 3 | 111 | F-1, litter 1 0 | 25 | Good | None - 

















* In days (experiment was begun June 30th, 1954). 


OBSERVATIONS 


Light microscopic observations on sections cut from the same specimens 
that were sectioned for electron microscopy showed keratinization of the 
cornea in all but one of the experimental animals though the apparent thickness 
of the keratin layer varied from specimen to specimen. The cornea of the 
control animals showed no keratinization. Our observations at the resolution 
level of the light microscope so closely parallel those of Mori that we will take 
the liberty of quoting from his article. 

“The eyes...show two distinct and characteristic changes.... One of 
these is cornification of the outer layer of epithelial cells and the other the 
formation of granules of keratohyaline in the cytoplasm in the second layer of 
these cells. In the process of cornification the cells of the epithelium become flat- 
tened and loosened from the layer beneath. They lose their nuclei... . At the 
same time very fine granules appear, surrounding the nucleus in the cytoplasm 
of the second layer of cells’’ (16). 

It should be added that these “keratohyaline” granules are seen then in all 
layers superficial to the layer in which they appear. Our observations showed 
that in sections from the eyes of two mice in addition to these “keratohyaline” 
granules, small dark bodies of a uniform size sometimes were lying in rows 
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between layers of keratin at the surface of the cornea. White blood cells were 
frequently seen at various levels in the epithelium but never in any quantity. 
The only other feature of note in the light microscope observations was the 
finding that the staining pattern of the nucleus differed from the normal in 
that clumps of darkly staining material (presumably chromatin) within the 
nucleus was the rule rather than the exception contrasting to the rather regular 
and homogeneous appearance of the nucleus in the normal corneal epithelium. 
We also had the impression that there were decreasing amounts of chromatin 
in the nuclei of cells nearer the surface of the epithelium. In the most superficial 
layers nuclei could no longer be identified with the light microscope. 

In order to simplify the description of observations made with the electron 
microscope we shall arbitrarily divide the keratinizing epithelium into three 
regions. The most superficial will include the layers of “keratin” as well as those 
areas which do not contain a morphologically well-defined nucleus. The inter- 
mediate region includes those cells which present well-defined nuclei but also 
contain the “keratohyaline” granules described by Mori. The basal region will 
be defined as that part of the epithelium in which no “keratohyaline” granules 
can be seen around the well-defined nucleus or within the cytoplasm. 

The first obvious indication of a departure from the normal arrangement 
of the corneal epithelial cells the electron microscope showed was an abundance 
of “intercellular bridges” between cells of all layers (Fig. 7). In many places 
where cell surface membranes were apposed there appeared to be a modification 
of the limiting cell membrane and of the adjacent cytoplasm. These inter- 
cellular connections appeared in electron micrographs as dense areas which 
extended varying distances into the cell making a sandwich of the apposed cell 
surface membranes which themselves appeared locally thickened and more 
dense than in other regions. The appearance of these intercellular connections 
depended of course on the plane of section but seemed identical with the “‘inter- 
cellular bridges” recently described by Selby (35) in a study of the epidermis of 
mammalian skin. Such modifications of the cell surface have also been described 
in the intestine as the structure of the “terminal bar’’, (36), in heart muscle 
as the structure of the intercalated discs (33) and in invertebrate and am- 
phibian epidermis (37, 38). 


Basal region 


The cells of the basal region of the keratinizing epithelium (Fig. 1) did not 
differ markedly from the basal cells of the normal corneal epithelium. Extra- 
cellular spaces were pronounced, however, and the cell surface was arranged in 
many small finger-like processes, while dense areas appeared in many places 
in the cytoplasm where the cell surface membranes of two cells were apposed. 
The basal cells appeared to rest on a basement membrane similar to that of the 
normal cornea. The cytoplasm of these cells included abundant small granules 
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about 150 Angstrom units in diameter which occurred singly and in groups. 
Paired membranes with attached granules (a-cytomembranes) were seen 
scattered throughout the regions between the nucleus and the cell surface. 
Bundles or strands of thin fibres about 50 Angstrom units wide and of indeter- 
minate length coursed through the cytoplasm standing out clearly against the 
less dense background. 

Large rod-shaped mitochondria were seen throughout the cell and were often 
arranged around the nucleus. They appeared as systems of transverse mem- 
branes bounded by a limiting membrane, enclosing a ground substance some- 
what denser than the surrounding cytoplasm. No small dense areas such as 
those described within mitochondria of the proximal tubule cells of the kidney 
(30, 39), of the acinar cells of the pancreas (31), or of the absorbing cells of the 
intestine (36) were seen in any of these mitochondria, nor were such dense 
bodies ever remarked in the mitochondria of corneal epithelial cells in the 
normal mouse (7). 

The nucleus was most frequently invaginated at one or more places on its 
circumference and appeared generally round or oval. The nucleoplasm ap- 
parently consisted of small dense particles which are more closely aggregated 
in some regions than in others giving a variegated appearance to the nucleus. 
These particles seemed invariably massed near the periphery of the nucleus 
creating a dense border of varying dimensions within the nuclear envelope. 


Intermediate region 


The cells of the intermediate region (Fig. 2) were arbitrarily defined as 
those cells in which dense granules visible in the light microscope first appeared 
around the nucleus. In electron micrographs these cells were large rounded 
cells like those of the basal region with central round or oval nuclei and many 
intensely dense granules located around the nucleus. These granules were 
usually about 1 micron in diameter and appeared generally round but were 
sometimes of other shapes. For purposes of description these granules will 
henceforth be referred to as the large dense granules (L in the electron micro- 
graphs). 

The cells of the intermediate region presented the same modifications of the 
cell surface membrane as described above. Extracellular spaces and the length 
and number of cytoplasmic projections diminished nearer the outer surface 
of the cornea. The small granules, fibers and membranes with attached granules 
seen in the basal cells constituted a major portion of the cytoplasm of the 
intermediate cells. 

The mitochondria, however, presented a striking departure from the ap- 
pearance of mitochondria described in the basal cells. On first examination it 
appeared as if many mitochondria had suffered changes similar to those earlier 
described as due to postmortem autolysis (36, 39). That is, the ground sub- 
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stance of the mitochondria had lost its normal dense appearance in many parts 
and the transverse membranes seemed somewhat distorted. Closer study 
showed while this was true, many mitochondria demonstrated one or more 
dense areas of varying dimensions within their matrix. These dense areas often 
appeared between the two dense components of the single transverse mito- 
chondrial membrane (Fig. 4). It is important to note these dense areas were 
not similar in anyway to the dense intramitochondrial bodies previously re- 
ported. The dense components of the transverse membranes were often deviated 
from their normal parallel course by the interposed dense substance. This al- 
teration in normal mitochondrial morphology was seen most commonly in 
mitochondria near the nucleus. All sizes of intramitochondrial dense bodies 
were seen in sections from different cells. With this evidence suggesting a pro- 
gression of sizes of intramitochondrial dense bodies from small to large, it 
remained to determine the relation of these bodies to the large dense granules 
around the nucleus. 

Fortuitous observations on the large dense granules near the nucleus sug- 
gested some were bounded by a membrane similar to that bounding the mito- 
chondria. Further electron microscope studies confirmed this and demon- 
strated that membranes could be occasionally seen within the substance of 
the large dense granules (Fig. 5). This seemed circumstantial evidence in favor 
of a progression of changes starting with the appearance of small dense bodies 
within mitochondria and terminating in an accumulation of a dense substance 
which obscures the usual mitochondrial structure and results in the appearance 
of the large dense granules near the nucleus. This hypothesis is schematized in 
text Figure 1. 

Studies of serial sections through regions near the nucleus of a cell where the 
large dense granules were seen further confirmed the topographic relationship 
between the large dense granules and the mitochondria which contained smaller 
or larger intramitochondrial dense areas. An electron micrograph of a section 





Text Fic. 1. Scheme to illustrate the postulated sequence of changes within mitochon- 
dria at the nuclear periphery of cells of the intermediate region of keratinizing epithelia 
resulting in the appearance of the so-called “keratohyaline” granules. 
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through the nucleus and a large dense granule might show no mitochondria 
in the area but electron micrographs of sections above or below the initial area 
often revealed mitochondria containing intramitochondrial dense bodies 
(Fig. 3). 

The evidence in favor of a relationship between the observed alterations in 
mitochondrial morphology and the appearance of the large dense granules near 
the nucleus can be summarized as follows: 

1. Neither the large dense granules near the nucleus nor the intramito- 
chondrial dense bodies appear in the normal corneal epithelium but both ap- 
peared within the cells of the intermediate region of the keratinizing epithelium 
in the vitamin A deficient animal. 

2. Studies on serial sections confirmed the intimate topographical relationship 
between the large dense granules at the periphery of the nucleus and mito- 
chondria which contained dense bodies of various sizes. 

3. A progression in size from small to large of intramitochondrial dense bodies 
was demonstrated and many of the large dense granules were seen to be bounded 
at least in part by two dense lines separated by a less dense area, a structure 
identical to that of the outer limiting membrane of “normal” mitochondria 
(Figs. 4, 5). 

The Golgi complex of cells of the intermediate region appeared similar to 
the Golgi complex described in other cell types (40, 32) but the vacuoles be- 
tween the smooth membranes were generally larger and more prominent than 
the Golgi vacuoles in normal corneal cells, a finding in keeping with the state- 
ment by Deinka and Cajal that epithelial undergoing cornification have an 
hypertrophied Golgi apparatus (42). A topographic relationship between the 
large dense granules and the Golgi complex was noted in many cells but could 
be simply due to the fact that both lie at the periphery of the nucleus (Fig. 6). 

The nuclei of the cells of the intermediate region appeared noteworthy be- 
cause of the numerous invaginations in the nucleus and because of the patterns 
of the nucleoplasm. Nuclei invariably contained one or more dense areas of 
granular aggregates which were shown by studies on serial sections to extend 
to the periphery of the nucleus where they were continuous with a thin circum- 
ferential band of similar granules. These aggregates of granules often appeared 
to border on nuclear invaginations. The nuclear membrane appeared generally 
as two thin dense bands separated by a less dense area of variable dimensions. 
Nuclear membrane discontinuities did not appear as marked as those demon- 
strated in the mammalian pancreas (43), nerve cells (44) or invertebrate tissue 
(45). It was thought that suggestions of nuclear membrane discontinuities 
could be seen in some electron micrographs, however these findings were 
neither striking nor invariable. At the periphery of the nucleus where the 
aggregates of granules joined the nuclear membrane large dense granules and/or 
mitochondria were almost always demonstrated. 
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Nearer the surface of the cornea the extracellular spaces diminished and the 
cells became horizontally flattened presenting a more squamous appearance 
while the cytoplasm of superficial cells appeared dense and compact. 


Super ficial region 

The outer or most superficial layers of the keratinizing epithelium were 
loosened and did not reveal any regular pattern of submicroscopic structures 
but appeared to consist chiefly of cell surface membranes which enclosed more 
or less amorphous substances. Large dense granules, bundles of fibres, and 
structures resembling pyknotic nuclei were seen occasionally within these 
layers. 

Between these layers of ill-defined cellular remnants and the well-charac- 
terized cells of the intermediate region was what appeared on first examination 
as an homogeneously dense mass with few distinctive features. It was often 
difficult to distinguish one cell from another in this zone due to the compact 
arrangement of cells and the loss of many recognizable cellular components. 
No “normal” nuclei were seen and the cytoplasm had become a densely packed 
mass of fibres and granules in which few recognizable mitochondria could be 
seen. Within these compact layers many large dense granules were often seen 
nested in bundles of fibres (Fig. 9). A cytoplasmic component not seen in deeper 
layers or other cell types was a small structure apparently consisting of one 
or two pairs of membranes (Fig. 8). The small 150 Angstrom unit granules so 
characteristic of most cell types were not well defined in these outermost layers. 

In several sections from different specimens large, elongate bacteria some- 
what similar in appearance to the £. coli described by Birch-Anderson (46) 
were seen lying between the outermost loosened keratinized layers (Fig. 11). 
These bacteria were surrounded by a thin wall which appeared to consist of two 
parallel dense lines separated by a less dense area, the whole being about 200 
Angstrom units thick. This wall was separated from the body of the bacteria 
by a space of variable dimensions. Within the bacterial body of free bacteria 
intensely dense round areas were seen. Serial sections showed bacteria con- 
tained usually one but often two such round dense bodies which have been 
interpreted as a “nuclear equivalent” by earlier authors. Occasionally smaller 
bacteria similar in appearance but with a more dense cytoplasm were seen. 

White blood cells were also seen in some sections at or near the surface of 
the cornea (Fig. 10). In serial sections from one specimen twenty-two bacteria 
were demonstrated within a single white blood cell. 


DISCUSSION 


The similarity between the keratinizing epithelia secondary to avitaminosis 
A and the keratinizing epithelial of mammalian epidermis has been stressed by 
earlier authors (47, 48). Keratinization occurs normally in the mammalian 
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epidermis, oesophagus, oestral vagina, and thymic corpuscles. It accompanies 
abnormal epithelial transformation after oestrogen administration (in genital 
organs), in vitamin A deficiency, consequent to trauma (including radiation) 
and in certain cancers. The etiology of keratinization which represents differ- 
entiation by organized cell deaths remain unknown; however the suggestion 
that a local lack or inactivation of vitamin A is responsible is a possibility. 

Bern and co-workers have commented that “Little evidence remains to 
indicate that the keratohyaline granules of the classical histologist are keratin 
precursors as was originally supposed,” and they suggest that “the significance 
of the keratohyaline granules could lie solely in their appearance consequent to 
degenerative processes, rather than concomitant with keratin synthesis” (48). 

The biochemical nature of the so-called “keratohyaline” granules (the large 
dense granules in the electron micrographs) was studied with cytochemical 
techniques by Leuchtenberger and Lund, who demonstrated that the granules 
gave a negative Feulgen reaction and did not stain with toluidine blue after 
treatment with ribosenuclease. These experiments suggested the granules con- 
tained a moiety of ribosenucleic acid. These investigators also performed photo- 
metric determinations on the nuclei of cells in the stratum granulosum and 
stratum germinativum of mammalian epidermis and concluded there was no 
loss of desoxyribosenucleic acid during formation of the granules (49). In the 
light of Caspersson (50) and Brachet’s (52) work it would seem worthwhile to 
repeat this experiment in an effort to determine whether there was a loss of 
nuclear ribosenucleic acid in these same cells during the appearance of the large 
dense granules. 

The studies of Caspersson and his group have contributed much to theories 
of intracellular protein metabolism (51). They have pointed out that a certain 
part of the nuclear chromatin, the “nucleolus-associated chromatin”, produces 
substances with the characteristic absorption curves of ribosenucleic acids 
and proteins rich in diamino acids during the telophase-interphase. These 
substances accumulate and form the main bulk of the nucleolus. From the 
nucleolus, proteins rich in basic groups diffuse towards the nuclear membrane, 
on the outside of which an intensive production of ribosenucleic acids takes 
place (53). It would be interesting to know whether mitochondria are at all 
involved in the intermediary metabolism of the nucleoproteins of epithelial 
cells of the cornea under normal circumstances. It also seems important to 
differentiate the electron microscopic appearance of RNA and DNA within the 
nucleus and it is hoped such information will soon be available (54). 

It is suggested that under normal circumstances in the absence of any inter- 
cellular connections, dead or dying cells of the corneal epithelium are readily 
desquamated, but in the presence of such connections cellular skeletons remain 
attached to the deeper, living cells. These keratinized layers may serve as a 
habitat for secondary bacterial invaders. Our findings suggest that in some 
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anies way deprivation of vitamin A is related to alterations in cellular metabolism 





nital which find their expression in the production of so-called “keratohyaline” 

tion) granules.’ The presence of these homogeneously dense granules is apparently 

iffer- associated with alterations in normal mitochondrial morphology. A progression 

tion of changes within the mitochondria parallels and coincides with the appearance 
of the “keratohyaline” granules and the loss of normal cellular configurations 

Is to can be followed in successive strata of the epithelium. 

ratin While there seem to be grounds for the statement that vitamin A is a material 

ance concerned in maintaining an apparatus (mitochondria) within some cells, it is 

nt to not yet clear what role the vitamin plays in the metabolic process of mito- 

(48). chondria let alone how the vitamin contributes to the process of cellular dif- 

large ferentiation. 

nical 

rules SUMMARY 

after 1. The corneal epithelium of vitamin A deficient mice was studied with both 

con- the light and the electron microscope. 

10to- 2. Keratinizing epithelium with cornified and loosened outer layers, “kerato- 

and hyaline” granules in cells of the intermediate and superficial regions, and basal 

iS no cells which resemble those of the normal cornea are revealed by the light 

1 the microscope. 

le to 3. Electron micrographs of basal cells show variegated, invaginated nuclei, 

ss of mitochondria, and various components of the cytoplasm. 

large 4. Cells of the intermediate region exhibit in addition large dense granules 
(~1 micron) which are usually found at the periphery of the nucleus. The 

ories mitochondria of these cells often contain smaller dense bodies, and furthermore 

rtain dense bodies of different sizes were demonstrated within these mitochondria. 

luces Many of the large dense granules are bounded by a structure similar to the mito- 

icids chondrial membrane. 

hese 5. In the superficial region the large dense granules are obvious but the cells 

the | are densely packed while the nuclei, mitochondria and components of the cyto- 

ane, | plasm are difficult to recognize. 

akes 6. Local modifications of the cell surface membrane appear throughout the 

t all keratinizing epithelium, where cell surfaces are in apposition. 

elial 7. Free and phagocytized bacteria are seen occasionally in the loosened outer 

it to layers of the keratinized epithelium. 

“= The authors would like to acknowledge their indebtedness and express their gratitude 
to Miss Ulla Fogelberg for her devoted and accomplished technical assistance, to Dr. E. 

ater- Brunius for his invaluable advice regarding the experimental diets, and to Dr. F. S. Sjéstrand, 

dily both for his interest and encouragement, and for the privilege of working in his laboratory. 

nain 

asa | ’ Large dense granules similar in appearance to those described here have been recently 
observed in a study by Friedlander et al. (55). 
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PLaTE I 


Fic. 1. Electron micrograph of epithelial cell from basal stratum of vitamin A deficient 
mouse cornea illustrating the variegated appearance of the centrally located nucleus which 
appears as two halves since the plane of section passed through an invagination in the nu- 
cleoplasm. Surrounding the nucleus are mitochondria (m), bundles of fibres (f) and granules. 
The cell appears to rest on the basement membrane (bm) which runs across the lower por- 
tion of the picture. Collagen fibres (cf) may be seen in the underlying substantia propria. 
Magnification: 27,000. 
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PLATE II 
Fic. 2. Electron micrograph of epithelial cell from intermediate region of cornea of 
vitamin A deficient mouse illustrating large dense granules (L) at periphery of nucleus (n) 
Note the aggregates of granules within nucleus often border the nuclear invaginations. At 
arrow is an intramitochondrial dense body. Serial sections of nuclear-cytoplasmic zone en- 
closed within square are shown in next figure. Magnification: 19,000. 
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Pirate LUI 
Fic. 3. Electron micrographs of serial sections from epithelial cell of intermediate region 
of vitamin A deficient mouse cornea showing changing shape of large dense granule (L) 
at different levels and its intimate relationship to mitochondria (m), the nucleus (n) and 
the Golgi complex (G). In the last figure a small dense body may be seen at arrow within 
membranes. Nuclear invaginations (in) and cytoplasmic fibrils (f) are also seen. Magnifica- 
tion: 31,500. 
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PLATE IV 
Fic. 4. Electron micrograph of portion of epithelial cell from intermediate region of 
vitamin A deficient mouse cornea illustrating mitochondria (m) containing dense bodies of 
different dimensions (at arrow and upper right corner), large dense granules (L) and their 
close topographic relationship to the nucleus (n). Within the cytoplasm are fibres (f), mem- 
branes with attached granules (a) and granules. Magnification: 73,000. 
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PLATE \ 


Fic... 5. 


Electron micrograph of portion of epithelial cell from intermediate region of 
vitamin A deficient mouse cornea demonstrating large mitochondrion (m) containing small 


dense intramitochondrial body. In the upper portion of the picture is a large dense granule 
(L) bounded at least in part by two dense lines separated by a less dense area (arrows) 
similar to that bounding the mitochondrion. Magnification: 91,300. 
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PLATE VI 


Fic. 6. Electron micrograph of portion of epithelial cell from intermediate region of 
vitamin A deficient mouse cornea illustrating topographic association of large dense granules 
(L), vacuolated (V) Golgi complex (G), mitochondria (M) containing intramitochondrial 
dense body (arrow) all at periphery of nucleus (n). Membranes with attached granules (a) 
and free granules are seen in cytoplasm. Magnification: 42,000. 
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PLATE VII 

Fic. 7. Electron micrograph of area between portions of two epithelial cells A and B in 
the intermediate region of vitamin A deficient mouse cornea illustrating the extracellular 
spaces (e) between the numerous finger-like cellular processes and the dense areas within 
the cytoplasm (i) at many places where cell surface membranes are apposed. Magnifica- 
tion: 48,000. 

Fic. 8. Electron micrograph of area between portions of two epithelial cells C and D in 
the superficial region of the vitamin A deficient mouse cornea illustrating the dense compact 
nature of the cytoplasm (compare with figure 1), and the diminished extracellular spaces 
(e). Within the cytoplasm are compactly arranged fibres (f), granules (g) and small struc- 
tures (m). Magnification: 57,500. 
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Pirate VIII 
Fic. 9. Electron micrograph of superficial region of epithelium from cornea of vitamin A 
deficient mouse. The upper portion of the picture shows the loosened cell surface mem- 
brane (c) of the outermost cell above the nuclear remnant (n). Within these compact layers 
are large dense granules (L), mitochondrial remnants (m), bundles of fibres (f), and the 
dense cytoplasmic areas (i) where cell surface membranes are apposed. Magnification: 
31,500. 
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PLATE IX 


Fic. 10. Electron micrograph of section through polymorphonuclear white blood cell 
lying within the loosened outermost keratinized (k) layers of the cornea of the vitamin A 
deficient mouse. The suriace (s) of the cornea lies at the bottom of the picture. Within the 
cytoplasm of the white blood cell near the lobes of the nucleus (n) are many bacteria (b) 
sectioned in various planes. Magnification: 13,000. 
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PLATE X 
Fic. 11. Electron micrograph of bacteria lying at surface of cornea of vitamin A defi- 
cient mouse. Intensely dense round areas (n) occur within the bacterial body and could 
represent a bacterial ‘‘nuclear equivalent.” At arrow the round area apparently represents 
previous site of such “‘nuclear equivalent.’”’ The bacterial cell wall is at w and the cell surface 
membrane of a neighboring polymorphonuclear cell is at c and is the undulating line be- 


tween the bacteria. Magnification: 38,000. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY 


February 13, 1956 


INHIBITION OF LIMB REGENERATION IN THE NEWT BY THYROXINE 
ELIzABETH D. Hay 

The newt, Triturus viridescens, possesses the ability to regenerate a perfect limb following 
amputation at any level. Newts were kept in solutions of sodium L-thyroxine of varying 
concentrations before and after amputation through the forearm to study the effect of high 
doses of this hormone on limb regeneration. The series of experiments reported comprises 
234 regenerating limbs. The results were as follows: (1) Thyroxine 10~ administered con 
tinuously from one to two months prior to amputation throughout regeneration produced a 
slight delay in the initial proliferation of the blastema but no significant effect on later size 
and differentiation. (2) Thyroxine 10~* administered prior to amputation, but discontinued 
before amputation, had no effect on the onset of proliferation and no effect on the differen- 
tiation of the regenerates. (3) Thyroxine 10~* begun before amputation, at the time of am- 
putation, or in the early blastema stage of regeneration and continued through the 6th 
week of regeneration resulted in stunted, abnormally differentiated regenerates. On histo- 
logical study, such regenerates proved to be composed primarily of cartilage in an abnormal 
pattern. Studies of the earlier stages of development suggest that these regenerates lacked 
the necessary number of cells at the time of pattern formation. Cartilage differentiation is 
not accelerated. (4) Thyroxine 10~* begun at amputation and discontinued two weeks 
later delayed the onset of proliferation of the blastema, but had no significant effect on the 
later size and differentiation of the regenerate. (5) Thyroxine 10~* begun 3 to 5 weeks after 
amputation, at which time the regenerates have already formed the pattern of the hand, 
has no effect on differentiation, but such regenerates are slightly smaller than the controls. 

It is believed that thyroxine in high concentrations exerts its effect on regeneration 
through a toxic effect on cellular proliferation. Repression of proliferation may be the 
common action of many inhibiting agents and the degree of such repression probably de- 
termines whether the amputated limb will be nonregenerating or abnormally differentiating. 


RECENT STUDIES IN CORNEAL TRANSPLANTATION 
A. EpwarD MAUMENEE 


The idea of corneal grafting is not new. It was first suggested in 1789 by Pillier de Quengsy, 
performed on animals in 1823 by Riecke and attempted on human eyes in 1870 by von 
Hippel. It was not, however, until the past fifteen or twenty years that this operation has 
become a practical procedure for which a reasonably accurate prognosis could be given. 
In 1948 there were only one or two large medical centers in this country that could gather 
together the records of a hundred postoperative patients with an adequate period of ob- 
servation to make their results significant. Today corneal transplants are being done by 
hundreds of ophthalmologists throughout the country and by most residents in large teach- 
ing centers. What has brought about this change and what have we learned about corneal 
transplantation during this time? The first part of this question is easy to answer for it is 
the result of three iactors: 1. the control of postoperative infection, 2. improved surgical 
instruments and 3. a greater supply of donor material. 

The second part of the question is more difficult to answer and only a few of the more 
407 
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important observations will be mentioned. First, a fairly accurate prognosis can be given 
the patient whose vision is reduced by a corneal lesion where the eye is otherwise normal. 
In eyes with avascular lesions, clear grafts and good vision can be obtained in about 85-90 
per cent of the time. In other eyes the percentage of clear grafts is inversely proportional 
to the degree of vascularization of the cornea and to the extent of opacification. The per- 
centage of success falls to almost zero in some eyes. The causes of failures are: 1. poor donor 
material, 2. postoperative infections, 3. displacement of the graft, 4+. postoperative cataracts, 
5. graft invaded by the condition of the recipient and 6. delayed clouding of the graft (donor 
recipient reaction). 

Eyes which have completely opaque corneas will not support a clear graft. This is a 
complicated problem and probably is related to the enzymatic system which produces the 
normal corneal mucopolysaccharide. In other eyes grafts fail because the recipient corneal 
endothelium is defective and allows aqueous to enter the transplant so that it becomes 
edematous. 

Delayed clouding of a clear graft may occur from two weeks to two years after trans- 
plantation. This opacification corresponds to the reaction which occurs between the recipient 
and donor material in all homografts elsewhere in the body (i.e. skin, kidney, artery, nerve, 
and so on). This response in part depends upon blood vessels invading or being present in the 
recipient cornea in the area of the graft. The initial reaction in the donor tissue is an edema 
of the posterior layers of the graft probably due to injury of the endothelium. The graft 
may recover from this reaction or become completely opaque. 

Lamellar corneal grafts are of value for they do not develop delayed opacification as fre- 
quently as penetrating transplants. This may be due to the protective layer of recipient 
tissue between the donor material and the recipient endothelium. Thus, lamellar grafts 
may be used in vascularized recipient corneas where penetrating grafts are contraindicated. 
Likewise, they are of value in the treatment of corneal ulcers where it would be dangerous 
to open the eye because of the possibility of an intraocular infection. Lamellar corneal trans- 
plants are not as satisfactory as penetrating grafts because a slight scar usually occurs at 
the junction between the donor and recipient material. Therefore, in successful cases better 
vision is usually obtained with a penetrating graft than with a lamellar graft. 

Interlamellar grafts have been used to demonstrate that heterologous tissue can be 
tolerated in the eye as long as blood vessels do not enter the area of the transplanted tissue 

The improved operative results by both penetrating and lamellar corneal grafting has 
greatly increased the need for donor corneas. Eye banks have many disadvantages; there- 
fore, a system has been instituted at The Johns Hopkins Hospital whereby the relatives are 
automatically requested for permission to use the eyes for corneal transplantation of all 


patients on whom an autopsy permit is obtained. 
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Diseases of the Liver. Edited by Leon Scuirr. With a Foreword by Cecit J. WATSON 
738 pp., $16.00. J. B. Lippincott Co., Philadelphia, Pa. 

This handsome volume is a welcome addition to the library of works on hepatobiliary 
diseases in English. Coming on the heels of the recent monograph by Dr. Sheila Sherlock it 
serves to emphasize the advantages and disadvantages of the composite treatise as com- 
pared with the monograph, but there will be few who will dwell long on the defects of this 
comprehensive treatment skillfully apportioned among various experts by editor Schiff. 
The twenty-six chapters cover all important aspects of the subject, and some of them 
represent distinctly original and thought-provoking attempts to bring order out of what 
has recently become an avalanche of experimental and clinical reports. 

For this reviewer several chapters deserve particular commendation. In Chapter 3, 
“Biochemical Considerations of the Liver’, Dr. Seligson has written from the standpoint 
of the clinically-oriented biochemist a brief but remarkably lucid and complete resumé 
employing modern chemical nomenclature and formulae. The difficult task of interpreting 
the voluminous literature on experimental hepatic injury has provoked Dr. Hartroft (Chap- 
ter 4) into a masterly essay distinguished by thoroughness and cogency, and even a per- 
sonal vehemence unusual in textbook writing. The pathology of hepatitis (Chapter 10) has 
never received a more thorough-going analysis than that given it by Dr. Smetana, who uses 
excellent photomicrographs and some color plates to reinforce his arguments, based on the 
excellent material from the Armed Forces Institute of Pathology. 

A particularly handsome bouquet should be given Dr. Klatskin for his original treatment 
of the mélange of syndromes called “‘Toxic Hepatitis” (Chapter 12). The organization of 
this vast material and the critique applied constitute a significant contribution to this field, 
on interpretative grounds alone. 

Other chapters which are of excellent quality, although not so original as the above, 
nor perhaps so badly needed by the clinician puzzled as to how to interpret the literature 
in this field, are the sections on Anatomy by Rappoport, Physiology by Bollman, Portal 
and Post-necrotic Cirrhosis by Patek, Biliary Cirrhosis by Kunkel, and Tumors of the Liver 
by Gall. 

Aspects of hepatobiliary disease which frequently involve surgery are treated here by 
surgeons, providing a somewhat unique flavor which is occasionally at variance with tan- 
gential coverage elsewhere in the volume. Linton discusses Portal Hypertension, displaying 
409 
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some new figures on post-operative results which are of interest; DeBakey does an excellent 
job on Hepatic Abscess, and Zollinger et al. have an extended romp with Diseases of the 
Gallbladder and Bile Ducts, the result being a never-uninteresting and lavishly-illustrated 
salad of schemata in outline form, details of operative technique, figures drawn from the 
senior author’s previously published investigations, and sometimes verbose treatment of 
many related topics. Although one may question the necessity for all these ingredients, the 
resulting salad is tasty and nutritious. 

The hepatic aspects of hemochromatosis, amyloidosis, and hepatolenticular degeneration 
are given detailed and comprehensive coverage. 

It would not be just to conclude this review without commending the publisher for the 
excellence of the paper, format, and illustrations, and for the clarity of the type-set used 
for both text and bibliography. 

ALBERT I. MENDELOFF 


James Parkinson. 1755-1824. A bicentenarvy volume of papers dealing with Parkinson’s 
Disease, incorporating the original ‘Essay on the Shaking Palsy’. Edited by Macpona.p 
CRITCHLEY. 268 pp., $4.50. MacMillan & Co. Ltd., London, England and St. Martin’s 
Press, New York, N.Y. 

We are indebted to the guarantors of Brain for having again sponsored the reprinting 
of a major contribution to neurology and descriptive medicine generally. Moreover, they 
have, through the essays accompanying it, placed it in a setting appropriate to its importance. 

The bicentenary of the birth of James Parkinson prompted the issue of this delightful 
little volume. The original essay, though in slightly different format, is otherwise identical 
with that in the original printing. Comment on its clarity, content and importance would 
be presumptuous, since the book begins and ends with engaging and piercing essays by Dr. 
Critchley and Sir Francis Walshe. Parkinson, though, were he here, might well have been 
most pleased with the masterful account by Dr. Greenfield of the changing concepts of the 
morbid anatomy underlying this still mysterious affliction. 

A large portion of the volume consists of an understanding biography of Parkinson by 
Dr. McMenemey, based on painstaking review of his writings and contemporary records. 
Due to detail, it has not quite the charm of Rowntree’s presentation in the pages of this 
Bulletin some forty years ago. Yet it is pleasantly written and much more revealing of the 
many aspects of Parkinson’s interests and activities. 


JoHn W. MAGLADERY 


Therapy of Fungus Diseases. An International Symposium. Edited by THomas H. STern- 
BERG and Victor D. Newcomer. 337 pp., $7.50. Little, Brown & Co., Boston, Mass. 
This is a collection of papers on the Treatment of Fungus Diseases presented at an 
International Symposium. Physicians interested in the field will find much up-to-date 
information for their own analysis. There are no discussions or editorial comments. How- 
ever, there are splendid introductory remarks by Donald Pillsbury in which he points out 
that “among all of the microbial infections of man, the diseases caused by fungi are perhaps 
the most difficult to modify in their course, or to prevent,’”’ that methods of treatment for 
cutaneous mycoses are “generally round about and nonspecific,” and that “there are no 
practical methods of immunization against any fungus infection.”’ He then discusses the 
clinical importance and the widespread incidence of fungus infections, the experiences of 
the Armed Forces in dealing with the treatment of fungus infections, the realization by the 


National Institute of Health of the significance of fungus infections as a public health prob- 
lem and of the great need for fundamental! studies in this field. In a critical analysis of the 
proper paths to pursue, Pillsbury points out that there have been myriads of reports dealing 
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with botanical characteristics of fungi as well as an excessive preoccupation with the de- 
velopment of compounds for topical application. He states the belief that, if progress is to 
be made, the investigative approaches must be bold and imaginative. Some questions that 
must be solved are: “‘What are the modes of transmission and the natural reservoirs of 
pathogenic fungi?” “Why are superficial ringworm fungi necrophilic?” ‘‘What are the precise 
nutritional requirements for growth of pathogenic fungi?” ‘‘How do the superficial ringworm 
fungi produce harmful effects?” ‘‘Why is topical therapy for superficial mycoses so ineffec- 
tive?” “What are the host-parasite relationships?” 

The first article is by Waksman. He discusses the ‘Outstanding Problems in the Study 
of the Antibacterial and Antifungal Antibiotics, with Special Reference to the Antibiotics 


of Actinomycetes” and summarizes pertinent facts concerning antibiotics and problems 
awaiting solution. Waksman’s article ends with the optimistic comment that “the possi- 
bility of finding [additional antifungal antibiotics] is highly promising.” 

It is not possible in a review of this length to comment on all of the excellent articles, 
but several should be singled out as significant. Ajello reports on the ‘Soil as the Natural 
Reservoir for Human Pathogenic Fungi” and supplies impressive evidence in support of the 
thesis that many fungi capable of causing human disease exist as actively growing sapro- 
phytes in nature. 

Keitt and Boone stress the advances that have been made in the genetics of fungi. Em- 
ploying the apple scab pathogen, Venturia inequalis, they show that: 


“the pathogenicity of a micro-organism can be reduced or nullified by experimentally induced mu 

tations; that the effects of such mutations on the nutrition of the pathogen can be identified in terms 
of deficiencies for specific metabolites; that the mutant characters are usually favorable material 
for genetic study and manipulation through crosses made in vitro; and that in numerous cases the 
pathogenicity lost through mutation can be restored by making the deficient metabolic available to 
the mutant during the incubation period. The methods and concepts employed in these investigations 
seem to afford an approach for further studies on pathogenicity and related basic problems of infec 


tious disease.” 


Of considerable current interest are the studies of Dutcher, D. R. Walters and Winter 
steiner on the “Chemical Properties and Structure of Nystatin,” a drug which has recently 
demonstrated its effectiveness topically as well as orally. Clinicians and investigators will 
welcome the report of the “Bioassay of Nystatin in Body Fluids” as a practical procedure 
for controlling therapy and therapeutic experiments. 

MAURICE SULLIVAN 


Atopic Dermatitis. Edited by Rupotr L. BAER. Contributors: MARION SULZBERGER, 
Ropert T. KrERLAND, A. ROSTENBERG, THOMAS H. STERNBERG and Victor D. NEw- 
COMER. 112 pp., $2.50. J. B. Lippincott Co., Philadelphia, Pa. 

The purpose of this book is to present comprehensive information on the many facets 
of an important disease. The contributors are eminent dermatologists, who are especially 
well informed on the subject. They do not express complete agreement on all aspects of the 
problem but the editor believes that some of the differences in viewpoints will serve to ac 
quaint students with the unresolved features of the disease. Considering the complex nature 
of atopic dermatitis the reviewer thinks it is remarkable how much agreement is expressed 
by the contributors, with the possible exception of A. Rostenberg, whose ideas concerning 
this and many other diseases are often original, imaginative and dissenting. 

The editor describes the development of the concept of atopic dermatitis from the era 
(1891) of Brocq and Jacquet, who classified the disease as neurodermatitis, to the era (1931 
33) of Coca and Sulzberger. In 1931 Coca described atopy as “certain clinical forms of 
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human hypersensitiveness that do not occur, so far as is known, in the lower animals, and 
which are subject to hereditary influence. In this category have been included thus far only 
asthma and hay fever, but it is generally thought that eczema and certain forms of drug 
and food idiosyncrasy will eventually be placed with these.” The word atopy literally trans- 
lated means strange, or out of place. In 1933 Wise and Sulzberger suggested that the name 
atopic dermatitis replace Brocq’s original term disseminated neurodermatitis. Sulzberger 
subsequently in collaboration with Coca and others contributed enormously in elucidating 
the distinguishing features of the disease. In the chapter by Sulzberger there will be found a 
masterful summary of the clinical picture in the three phases that the disease may be en- 
countered, namely the infantile phase (2 months to 2 years of age), the childhood phase 
(4 to 10 years of age), and the adolescent and young adult phase (12 to 23 years of age). 
The associated characteristic stigmata, the localizations in the various phases and the dif 
ferential diagnosis of contact and seborrheic dermatitis are clearly summarized. Treatment 
is thoroughly discussed by Sulzberger. His considerations for therapy involve an under- 
standing of altered physiology such as changes in keratinization, sweat delivery, sebum flow, 
vascular reactions, nerve impulses, etc. Kierland discusses certain stigmata associated with 
the disease and points out that the sites of predilection are identical with histamine flush 
areas. He describes “tache blanc’, a well known characteristic feature, and summarizes 
the findings of Lobitz and Campbell who demonstrated that following injections of acetyl- 
choline the sweating and axone reflex response were normal but a marked deviation from 
normal was evidenced by the development of a ‘“‘delayed blanch” (vasoconstriction) beyond 
the injection wheal. Kierland points out that abnormal vascular physiology is exhibited by 
all ‘‘atopics’’: The rate of cooling in a cool environment is increased and the rate of warming 
of the fingers and toes is decreased in patients with atopic dermatitis indicating constriction 
of acral vessels. Temperatures in the antecubital and popliteal spaces (areas of predilection) 
do not react the same but show less cooling and a faster rate of warming than normal per- 
sons do. The effects of cooling and heating and changes in environment must therefore be 
appreciated in the handling of these patients. 

Rostenberg takes exception to the theory that the atopic immune mechanism is the 
cause of the cutaneous lesion of atopic dermatitis, and suggests, after reasonable documen- 
tation, that the essential mechanism for the production of the skin lesion is pruritus de 
veloping in a diathetic individual. 

Management of Atopic Dermatitis is discussed by Sternberg and Newcomer. The re- 
viewer recommends this chapter to all physicians interested in the disease. Especially 
commendable is their conservative viewpoint of regarding the value and limitations of the 
use of steroids. 


MAURICE SULLIVAN 


Group Processes. Transactions of The First Conference, September 26 to 30, 1954. Edited 
by BERTRAM SCHAFFNER. 334 pp., $5.50. The Josiah Macy, Jr. Foundation, New York, 
N. Y. 

This is a unique volume which reports discussions on group processes which took place 
at a multiprofessional conference sponsored by the Josiah Macy, Jr. Foundation. 

The five day meeting was organized around six topics with the focus on infrahuman 
group behavior. These topics were: Ontogeny and Living Systems; Psychology and Eth- 
nology as Supplementary Parts of a Science of Behavior; Morphology of Behavior Pat- 
terns in Closely Allied Species; Dynamics of the Mother-Newborn Relationship in Goats; 
The Perception of Animal Behavior; and Group Processes in the Lower Vertebrates. 

Though the discussion leaders were recognized authorities in their fields, the major 
purpose of the conference was to promote communication among the representatives of the 
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different professions so that it might be ‘ta forum for searching examination of differences 
of opinion and of the reasons for contradictory experimental results”. Apparently this goal 
was achieved. 

The spirit of the proceedings is well preserved in the text, which consists of edited ver- 
batim transcriptions of discussions of the cited topics by various of the 30 participating 
members of the conference. Sometimes this type of reporting made for difficult reading but 
the nature of the content and the range of biological information presented more than make 
up for this. For those interested in possible origins of group behavior, this book is recom 
mended. 

LestER H. GLIEDMAN 


Cancer Cells. By E. V. Cownry. 677 pp., $16.00. W. B. Saunders Co., Philadelphia, Pa. 

In this newest comprehensive treatise of Dr. Cowdry’s, he has brought together a vast 
array of pertinent facts regarding the constitution and behavior of malignant cells as com- 
pared to their cells of origin. Here one may find much of what has been learned about what 
ever unique and important abnormalities cancer cells seem to possess. Frequently enough 
the work is presented in the framework of much personal experience in the field of cancer 
research and extending over four decades during which time this world renowned cytologist 
has been an active contributor. 

He has enumerated and discussed here not only those factors which cause cancer cells to 
become neoplastic, but also those which modify cancer development and with some sec- 
tions on cancer prevention, diagnosis and treatment. Also discussed are many special rela- 
tionships of body functions during development and ageing and their bearing on the onset 
and persistence of malignant growth. The treatise as a whole gives an adequate and ex- 
cellent account of the many and diverse topics which bear on the biology of this disease. 
The topics are well organized with many tables and illustrations and when necessary are 
presented in detail. Dr. Cowdry’s familiarity with the experimental approach to cancer 
and with many of those who have been engaged in the work has led him to present the 
material from a searching and analytical point of view and with much personal feeling 
added to the critical evaluation. In this respect he has attempted as always to encourage 
new approaches with many direct suggestions on unsolved problems. 

The book should, therefore, prove especially valuable to students, investigators and 
administrators interested in cancer since it is written by a leading authority. Included are a 
perspective of cancer research and some considerations and recommendations of special 
importance to the research worker, and to those interested in the support of the research. 
Several thousand topics are discussed. These are covered in part by a bibliography which 
includes well over 2300 references. 

GEORGE QO. GEY 


Allergy and Anaphylaxis. By Keizo NAKAMURA, Department of Bacteriology, Nippon 
Medical School, Tokyo, Japan. 114 pp. 

The chief interest of this volume pertains to the development of the thesis that acetyl- 
choline is released as a consequence of in vivo antigen-antibody reactions and mediates the 
characteristic manifestations of anaphylaxis. Details of the experimental studies, carried 
out by the author during the past 15 years, are given. The conclusion is drawn that the 
symptoms of anaphylactic shock, like those following the injection of acetylcholine, present 
many common features. Notable is the amelioration of symptoms in both instances by 
drugs like physostigmine, eserine and others which are relatively ineffective against his- 
tamine shock. 

Little doubt remains that acetylcholine may be liberated in some situations but definitive 








414 BOOK REVIEWS 


evidence is yet lacking as to its major role in the etiology of the manifold manifestations 
of hypersensitivity reactions. The present hypothesis certainly warrants further study. 

The author discusses other aspects of anaphylaxis and allergy which are probably familiar 
to the reader with a primary interest in this area. To this reviewer, the author has justifiably 
emphasized the concept that immunity and allergy may both originate from a single event, 
an antigen-antibody reaction in the tissues. The problems that still await resolution, include 
among others, the delineation of the unique properties of the antigen-antibody system in 
volved in initiating the allergic manifestations and clarification of the mechanism leading 
to the release of the pharmacologically active substance(s) associated with the tissue re- 
sponse. 


ABRAHAM G. OSLER 


Lehrbuch der Praktischen Orthopadie. By WALTHER ABERLE, PHILIPP ERLACHER, ALEX- 
ANDER HARTWICH, ALFONS KONIGSWIESER and OsKAR STRACKER. 549 pp., $24.50 
Wilhelm Maudrich, Vienna, Austria. Also Intercontinental Medical Book Corp., 
New York, N. Y. 

This textbook of Orthopaedic Surgery purports to present the methods of the venerable 
Dr. Hans Spitzy of Vienna as practiced by his disciples in present day Austria. The editor, 
Dr. Philipp Erlacher, Clinical Professor of Orthopaedic Surgery at the University of Vienna 
School of Medicine, in the introduction briefly reviews the evolution and progress of Euro- 
pean Orthopaedics in the last half-century. 

The volume is conceived on the novel principle of dividing orthopaedic disorders into 
specific age groups because it is contended that the reaction on the part of the individual 
to a given disease varies according to the age of the subject. While there is admittedly ample 
biological and physiological evidence to support this point of view, the inevitable difficulty 
of such division of material is apparent in this work, which consists of sections arranged to 
cover (a) birth to 12 years; (b) 12 to 20 years; (c) adult life; and (d) old age. Many diseases 
cut across age barriers and principles of management are not always age-specific. The 
separation into such groups, therefore, introduces elements of repetition and some loss of 
continuity in the picture of progressive disease. 

The editor states that modern Orthopaedics has made use of research and techniques 
common to other branches of medicine. Since much of the knowledge of internal medicine, 
general and traumatic surgery, neurology, pediatrics, radiology, hydrotherapy, endocrinology 
and physical medicine are part of today’s Orthopaedics, a place has been given over to these 
fields in the text wherever and whenever they are pertinent and applicable to the subject 
under discussion. Hence, Dr. Erlacher has allowed his co-authors wide latitude in their 
special presentations. 

The list of diseases included in this book is abundant and no attempt is made to discuss 
fully all of the recorded inclusions. In fact, it would be impossible to do this in detail in a 
single 549-page volume. The material at least contains a mention of virtually every reason- 
able subject that is found in any acceptable orthopaedic textbook. A selected number of 
particular conditions receives more comprehensive coverage at considerable length. 

The book is cast on a plane somewhat above the level of the medical student and below 
that of the mature orthopaedist. It is, however, a useful adjunct to the library of the younger 
orthopaedist, serving to familiarize him with the school of Spitzy. 

There is a special chapter on amputations and prostheses. The use of illustrative ma- 
terial is somewhat uneven but on the whole adequate. The absence of a bibliography seriously 
reduces the usefulness of this text. 


LieBE D. Soxot and Moses GELLMAN 








Ps! 


(St 
Ps 


co" 


Mi 
en 
by 


ine 


illi 
re 
th 


T 








Ltions 


niliar 
lably 
vent, 
clude 
n in- 
iding 


e re- 


LEX- 
4.50. 


orp., 


rable 
itor, 
enna 
uro- 


into 
dual 
nple 
ulty 
d to 
ases 
The 


SS of 


jues 
“ine, 
logy 
hese 
ject 
heir 


Cuss 
ina 
son- 


r of 


low 


wer 


ma- 


isly 








BOOK REVIEWS 415 


Psychische Hygiene, Vol. [V. By Ernst BrezINA and ERwIN Srransky. 282 pp., $8.25. 
Wilhelm Maudrich, Vienna, Austria. Also Intercontinental Medical Book Corp., New 
York, N. Y. 

This present volume is the outgrowth of a similar publication edited by one of the authors 
(Stransky) and published in 1931. It was the first German language book on the subject. 
Psychische Hygiene resulted from the combined efforts of a number of collaborators who 
cover a great variety of subjects. This very fact indicates how ill-defined the concept is. 
Even though closely related to the American notion of “mental hygiene” (after Beers and 
Meyer) it is said to cover more than the “mental” and to encompass all factors that influ 
ence the “soul”. There are 15 chapters among which there is an excellent historical review 
by Holzer of Graz. A survey of Social Service facilities in Vienna is very impressive and 
indicates that in spite of German occupation and destruction by war Vienna has continued 
her excellent work in organizing and maintaining clinics and educational centers for the 
medically indigent. Of particular interest to American readers should be a clinic for the 
“Lebensmueden”’, those tired of living, which is in line with the high suicide incidence in 
Austria. 

Each author was given complete freedom in expressing his views in order to avoid repre- 
senting any single ‘“‘school of thought’. Their product makes interesting reading for the 
most part although the authors’ experience stems largely from conditions prevailing in 
Vienna. Each chapter in itself could fill an entire book but is written concisely, on purpose. 

Upon reading the book one realizes more than ever before that the problem of mental 
illness can only be solved by a well-organized program of preventive medicine. It was this 
recognition which stimulated the authors in their effort to present this excellent volume to 
the medical public. 

EDUARD ASCHER 


Textbook of Bacteriology, 3rd edition. By JoseEpH M. DovuGuHerty and ANrHoNy J. LAM 
BERTI. 598 pp., $8.25. The C. V. Mosby Co., St. Louis, Missouri 

The third edition of this elementary textbook follows in style, format and purpose pre- 
vious editions. The book is intended for undergraduate students and its appearance in sev- 
eral editions attests its acceptance. Probably it is most suitable for instruction of those who 
need have only a superficial acquaintance with bacteriology. To the instructor who would 
give his students insight into the drama and scope of present day bacteriology the book will 
prove disappointing. No effort has been made to reveal the tremendous strides made in the 
last decades by students of bacteriology in illuminating fundamental biological and medical 
problems. The quantitative approach to the study of immunochemical problems has been 
ignored. 

CarL LAMANNA 
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Charles C Thomas, Springfield, Illinois. 

Your Blood Pressure and How to Live with It. By WittiAm A. Brams. 160 pp., $2.95. J. B. 
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